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The aim of this thesis was to evaluate and validate simulated emergency tasks (SETs) 
as representative of the fire emergency environment. This evaluation and investigation 
comprised of a desk-based systematic review, a critical appraisal of previous work, and four 
experimental studies. The findings then informed the development of a standard operating 
procedure for implementing SETs within the context of firefighting, both for research and 
professional purposes. 
Firefighters participated in four experimental studies that involved completing a 
submaximal treadmill test and a maximal strength test (Study One); a novel SET that included 
psychological demands (Study Two); two cognitive tasks, a memory recall task and a 
problem-solving task (Study Three); and a second attempt of the SET completed 12 weeks 
later (Study Four). Data collection included repeated measures of state anxiety, mood states, 
and positive and negative affect and heart rate was measured throughout. The SET (Study 
Two and Four) and Study Three included measures of cognitive performance. 
The SET increased negative affect and resulted in lower cognitive performance. These 
findings indicate the SET to be psychologically demanding and to involve greater 
psychological demands than the lab setting. The SET also demonstrated validity and test-retest 
reliability as a measure of the physical and physiological demands of firefighting, with 
associations observed between SET performance time and SET heart rate and VO2-max.  
These findings provide evidence to support the inclusion of psychological demands 
within SETs in order to improve the overall validity of SETs, and validate a novel SET that 
includes psychological demands, along with physical and physiological demands, as 
representative of the fire emergency environment. These findings provide a starting point for 
further examination and validation of the inclusion of the psychological demands within SETs 
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Glossary of Terms 
Emergency Incident. Any situation to which an emergency services organization responds 
to deliver emergency services, including rescue, fire suppression, emergency medical care, 
special operations, law enforcement, and other forms of hazard control and mitigation. 
Emergency Operations. Activities of the fire department relating to rescue, fire suppression, 
emergency medical care, and special operations, including response to the scene of the 
incident and all functions performed at the scene. 
Evolution. One completed cycle of fire suppression or fire suppression activities. 
Fire Department. An organization providing rescue, fire suppression, emergency medical 
services, hazardous materials operations, special operations, and related activities. 
Fire Service. Career or volunteer service groups that are organized and training for the 
prevention and control of loss of life and property from any fire or disaster. 
Fire Suppression. The activities involved in controlling and extinguishing fires. Fire 
suppression includes all activities performed at the scene of a fire incident or training exercise 
that expose the fire department members to the dangers of heat, flame, smoke, and other 
products of combustion, explosion, or structural collapse. 
Fitness for Duty Status of being capable of safe and effective execution and completion of 
job tasks. 
Live-Fire. An unconfined open flame or device that can propagate fire to the building 
structure, or other combustible materials.  
Occupational Injury. An injury sustained during the performance of the duties, 
responsibilities, and functions of a fire department member. 
xvi 
 
Personal Protective Equipment (PPE). The complement of garments fire fighters are 
required to wear while on an emergency scene, including turnout coat, protective trousers, 
fire-fighting boots, fire-fighting gloves, a protective hood, self-contained breathing apparatus 
(SCBA), a personal alert safety system (PASS) device, and a helmet with eye protection.  
Protocol. Specific procedures and methods followed to execute a SET. 
Self-Contained Breathing Apparatus (SCBA). A respirator worn by the user that supplies 
respirable atmosphere, that is either carried in or generated by the apparatus, and that is 
independent of the ambient environment. 
Standard. An National Fire Protection Association (NFPA) standard, the main text of which 
contains only mandatory provisions using the word “shall” to indicate requirements and that 
is in a form generally suitable for mandatory reference by another standard or code of for 



















Simulations present a set of conditions or tasks that represent real-life (McGaghie, 
1999). The aim is for a participant to respond as they would under real-life circumstances 
(Issenberg, McGaghie, Petrusa, Gordon, & Scalese, 2005). Due to this, simulations are often 
used for training and assessment purposes. Theoretically, skills demonstrated in one situation 
(the simulation) should transfer to another (real-life) (Ellis, 1965) such that better performance 
in real-life situations is likely following satisfactory performance during the simulations. This 
is the basis of the theory of transfer of skills. Several disciplines and occupations use 
simulations for evaluation and investigative purposes based on the benefits of practicing under 
relevant conditions and the transferability of observed performance to real-life scenarios. 
Professional organizations conduct evaluations using simulations to determine if 
personnel are fit to perform job function in the occupational (real-life) setting (Lammers et 
al., 2008). This practice is common for occupations that require performance in highly 
demanding and dangerous environments. A simulated emergency task or a SET is one type of 
simulation implemented in firefighting. The fire emergency environment exposes personnel 
to concurrent physical, physiological and psychological demands (Beaton, Murphy, Johnson, 
Pike, & Corneil, 1998). For firefighters, training and skill development before exposure to the 
fire emergency environment in real-life is necessary to ensure health and safety of all involved. 
During a SET, firefighters complete fire suppression and emergency response tasks within a 
structure with live-fire, heat and/or smoke, while wearing full PPE and SCBA. Tasks could 
include dragging a hose up flights of stairs to extinguish fires, assessing a situation and 
determining a safe and efficient plan of action, or completing a search and rescue that involves 
locating and moving patrons to safety. Unlike general fitness, health and occupational testing 
methods, SETs provide the opportunity to observe firefighters under the combined demands 
3 
 
of a fire emergency. Researchers and professionals use SETs to measure outcomes of fitness, 
health, and occupational performance of firefighters. 
In the professional context, SETs are commonly used to assess skill competence and 
fitness for duty. According to the National Fire Protection Association (NFPA), a governing 
firefighting organization commonly followed by fire departments worldwide, fitness for duty 
means the ability to safely and effectively perform essential job functions and meet 
department health and fitness requirements (NFPA 1500, 2018). The NFPA require fitness for 
duty evaluations of all personnel in order to engage in fire suppression (i.e. all activities 
performed at the scene of a fire incident that expose fire department members to the dangers 
of heat, fire, smoke, and other hazards). Fitness for duty not only ensures that firefighters can 
perform job functions to the level of requirement set by the fire department but also safeguards 
against negative health consequences of long-term exposure to the demands of firefighting 
(Dennison, Mullineaux, Yates, & Abel, 2012; Pawlak, Clasey, Palmer, Symons, & Abel, 
2015; Williford, Duey, Olson, Howard, & Wang, 1999). Due to occupational demands, 
firefighters have an increased risk of hypertension, cardiovascular disease (Smith et al., 2012; 
Soteriades, Smith, Tsismenakis, Baur, & Kales, 2011), cardiac events (Smith, 2011), stroke 
(Green & Crouse, 1991), and strain/overexertion (Smith, Haller, Benedict, & Moore-Merrell, 
2015). Therefore, the status of fit for duty reduces the risk of these negative health 
consequences. 
A growing call for firefighting research, due to the increased prevalence of diseases 
and negative health events among firefighters (Poston et al., 2011), has led researchers to 
investigate the effects of firefighting on personnel, and the mechanism/pathways in which 
disease can develop (Kales & Smith, 2017). In research, SETs address the difficulties and 
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hazards of measuring/examining firefighters while on duty during real-life emergencies and 
allow researchers to safely examine or evaluate firefighters under controlled conditions most 
relevant and impactful to personnel, providing advantages over general health and fitness 
assessments. Researchers use SETs to elicit behavioural, physiological and psychological 
responses similar to those experienced during a fire emergency. Professionals and researchers 
alike rely heavily on the SET to be representative of firefighting  
Assessing a firefighter’s status as fit for duty using SETs can lead to decisions 
regarding engagement in job functions. If unable to perform job functions, there could be 
employment and financial implications for both the firefighter and the fire department. In 
cases where the firefighter is incorrectly declared fit for duty, there could be implications for 
health and safety for the firefighter and others relying on the firefighter such as other personnel 
or members of the community. Declaring a firefighter to be fit for duty following an evaluation 
using a SET, can also lead to the assumption of protection from the demands of the occupation. 
The absence of this safeguarding, due to incorrect assessment, can have both long- and short-
term health implications for firefighters such as development of disease and/or on duty injury 
or death. Using SETs for research purposes to collect data and draw conclusions about 
firefighting and aspects of firefighting leads to dissemination of findings to other researchers 
and professionals including the governing bodies that develop the requirements and standards 
for firefighting personnel, equipment, procedures, etc. This could impact the policy and 
standards that are the basis for constructs like fitness for duty.  
Due to the financial, health and safety, and scientific impact using SETs can have in 
both the professional and research settings, it is vital that SETs be valid and reliable 
representations of firefighting in order to increase the integrity of the data collected and the 
5 
 
interpretations made. Despite the implications of using SETs in both professional setting and 
firefighting research, there are few empirical studies to endorse the validity and reliability of 
the method (Gledhill & Jamnik, 1992; Oldham, Schofield, Callaghan, & Winstanley, 2000; 
Plat, Frings-Dresen, & Sluiter, 2010; Stevenson, Siddall, Turner, & Bilzon, 2019). Thus, the 
aim of this thesis was to evaluate and validate SETs as representative of the physical, 
physiological, and psychological demands of the fire emergency environment. This evaluation 
and investigation will then inform the development of a SOP for implementing SETs within 
the context of firefighting, both for research and professional purposes. 
1.2 Thesis Aims 
i. To provide an overview of SETs. 
ii. To investigate the validity of existing SETs as representative of the fire emergency 
environment. 
iii. To design and implement a more robust SET including psychological demands. 
iv. To provide evidence of the new SET as psychologically demanding, as well as 
physically and physiologically demanding. 
v. To evaluate the validity and reliability of a SET including psychological demands 
vi. To provide recommendations for implementing SETs in the training, evaluation and 
researching of firefighters within the fire emergency environment. 
1.3 Thesis Objectives 
i. To systematically review the available literature including current/previous SETs and 
synthesize information regarding SETs and SET research. 
ii. To evaluate ecological and content validity of identified existing SETs. 
iii. To incorporate two cognitive tasks, a problem-solving task and a memory recall task, 
within a SET and test the new SET among a group of firefighters. 
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iv. To evaluate psychological state, physiological, and performance data from firefighters 
completing a SET with psychological demands and compare to data from completing 
two maximal fitness tests and two cognitive tasks in a lab. 
v. To assess validity by correlating physiological responses and occupational and 
cognitive performance outcomes from firefighters completing the SET to firefighter 
performance on two maximal fitness tests and two cognitive tasks completed in the 
lab. 
vi. To assess reliability by comparing physiological responses and occupational and 
cognitive performance outcomes from the firefighters completing the SET at two time 
points, 12 weeks apart.  
vii. To compose a proposed SOP for implementing SETs in NFPA format.  
1.4 Thesis Structure 
The current chapter has provided a brief introduction for the overall thesis, presenting 
the rationale, aims and objectives of the research. Chapter Two (A Review of SETs for 
Firefighting) provides a review of the available literature from which an overview of existing 
SETs and SET research has been synthesized. Chapter Three (Evaluating the Ecological and 
Content Validity of Existing SETs) contains an evaluation of the existing SET protocols 
identified in Chapter Two, for which ecological and content validity were evaluated. This 
chapter also concludes with preliminary recommendations for improving SETs to be 
implemented, tested, and discussed in Chapters Four through Six. Chapter Four (Methods) 
presents the methods employed to: (1) design a novel SET that included psychological 
demands along with physical and physiological; (2) examine firefighters’ responses to this 
novel SET; and, (3) examine the validity and reliability of the novel SET as representative of 
the fire emergency environment, including the physical, physiological, and psychological 
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demands which are the impactful factors of the environment. Chapter Five (Results) presents 
the results of the data collection procedures and analyses described in Chapter Four. Following 
the implementation, testing, and validation of a novel SET, Chapter Six (Discussion) presents 
and discusses the findings of the experimental studies conducted as part of this thesis. Chapter 
Seven (Overall Findings and Conclusion) contains a discussion of the research presented in 
this thesis, placing it into the context of, and addressing the gap(s) in the existing evidence, 
including potential implications, limitations, reflections, future research directions, and 
conclusions. Lastly, Chapter Eight (Proposed SOP for SETs) provides a SOP in NFPA format 

























The current Chapter provides a comprehensive literature review of studies using SETs, 
providing background and critical direction for this thesis. After applying a set of inclusion 
criteria, 93 studies were appraised according to their sample characteristics, research designs, 
SET characteristics and methods, and outcomes of focus. The findings provide a 
comprehensive overview of the SETs implemented in existing published research over the last 
40+ years. The current state of SETs, which this review reveals, includes many existing SET 
protocols and a range in outcomes researched using SETs. Notably, the findings also highlight 
a gap in the literature; the absence of validation research and the lack of standards for 
implementing SETs for training, research and evaluation purposes. These circumstances 
suggest critical areas for further development and research into the validation of SETs and the 
development of standards for implementing SETs within research and professional contexts. 
Overall, the background and aims presented in Chapter One are well-supported by the findings 
of the present chapter, which also serve to guide the research and content of the next chapters 
of this thesis. 
2.2 Introduction 
Firefighting is a unique occupation that requires personnel to complete job specific 
tasks while wearing heavy and insulating PPE and  SCBA within structures that often involve 
live-fire, heat and smoke. While in the fire emergency environment, firefighters must also 
assess situations, relay information, and problem solve while working quickly to reduce the 
damage to property, rescue individuals in need and manage the safety of themselves and 
others. These factors combine to result in an emergency environment inherent with physical, 
physiological, and psychological demands. Considering this, understanding the effects 
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firefighting and aspects of firefighting can have on the health and performance of personnel 
is a growing area of interest of firefighting research. 
Due to the nature of firefighting and the fire emergency environment, it is often 
difficult to measure firefighters while on duty responding to real-time emergencies. Extreme 
conditions can make monitoring firefighters with standard equipment and researcher 
observations impossible. Additionally, taking measurements before and after engagement in 
fire suppression can be disruptive of standard operating procedures, and often fails to capture 
responses during the fire emergency, when the demands of firefighting would be most 
impactful (Greenlee et al., 2014). Emergencies can also be highly variable and unpredictable 
making it difficult to compare results from one scenario to the next.  
To address these limitations and create an environment representative of a fire 
emergency, simulation methods are often employed in firefighting research. A common 
method, primarily implemented for its perceived ability to fully encapsulate the demands of a 
fire emergency, is the use of a SET. SETs include physically interactive occupational tasks 
that are relevant to requisite job functions. These tasks are completed within a setting designed 
to expose firefighters to the environmental conditions and contextual factors that contribute 
to the demands placed on firefighters during an emergency. This is done with the goal of 
eliciting physiological and psychological responses similar to those experienced in a real-life 
emergency.  
Although SETs have become the more preferred method implemented when 
researching firefighting for the perceived ability to provide the opportunity to examine 
firefighters under conditions like those experienced during fire suppression and emergency 
events, there is a limited amount of research on the use of SETs to represent the fire emergency 
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environment. Thus, the aim of this review was to provide a comprehensive overview of SETs 
and the existing field of firefighting research implementing SETs. The principle rationale for 
this work is to provide researchers with a comprehensive overview of SETs and firefighting 
research implementing SETs. This overview would inform on the current state of SETs and 
SET research which may suggest gaps in the literature, highlight common methodologies or 
methodological issues, and guide researchers in implementing SETs in future research. To our 
knowledge there is no peer-reviewed publication that provides a comprehensive overview of 
SETs and firefighting research implementing SETs. This information will also assist in 
effective decisions for the next steps of this thesis, which aims to further investigate the 
validity of SETs. 
2.3 Method 
2.3.1 Literature Search 
Eight databases were searched to identify relevant articles: Academic Search 
Complete; Google Scholar; PsychARTICLES; PsychINFO; SPORTDiscus; Psychology and 
Behavioural Sciences Collection, and MEDLINE. The search was conducted using the 
following terms: simulated emergency training OR simulated emergency task* OR simulated 
emergency OR simulated training OR emergency training OR job training OR job activ* OR 
firefighting activ* OR firefighting simulation* OR firefighting emergency AND firefight* 
OR fire fight* OR fire service OR fire rescue. Reference lists of the obtained articles were 
searched manually for any potential additional articles. 
2.3.2 Eligibility Criteria 
Inclusion criteria were as follows: (1) electronically-accessible English language or 
English translated publications; (2) publication in a peer-reviewed journal; (3) original studies, 
rather than reviews, theses, books, interviews, conference proceedings, et cetera; (4) 
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publications involving firefighters completing one or more simulated firefighting task, 
including but not limited to, casualty evacuation, carrying equipment, advancing hoses, stair 
climbing, and lifting, extending, and lowering ladders; (5) publications focused on structural 
firefighting; and (6) publications that did not involve strictly laboratory testing, no-PPE, and 
non-firefighter populations including mixed samples of firefighters and non-firefighters. 
 




This review was conducted in accordance with PRISMA-P guidelines (Moher et al., 
2015). The initial search yielded 848 records published up to February 2020. After the removal 
of duplicates, 583 records remained and were then assessed against the inclusion criteria, of 
which 251 records were selected based on title. Following the screening of abstracts, 169 full-
text articles were retrieved and assessed for eligibility. A final selection of ninety-three studies 
were included in the present review.  A PRISMA-P flow diagram of study selection is 
presented in Figure 2.1. Data were extracted from the studies and organized according to 
publication history and geography, sample characteristics, SET characteristics, and study 
outcomes. Samples were distinguished by size, sex, age, and firefighter status. A 
comprehensive breakdown of the characteristics of SETs included protocols, setting and 
structures, tasks, environmental conditions, PPE, SCBA, and equipment, participant 
instructions, duration, and outcomes. An overview of the primary outcomes of focus examined 
while using SETs is presented as well. Supplementary Tables 2.1-2.12 summarizes the 
findings from each study and Supplementary Table 2.13 outlines the excluded papers with 
reasons for exclusion. 
2.4 Results 
2.4.1 Publications and geography 
As well as providing an overview of publications, it is also important to provide a short 
background on the development of firefighting research implementing SETs. Briefly, only a 
limited number of countries (n=12), worldwide, have published research using SETs. 
Publications began in 1977 with a focus on occupational performance and fitness. Only a 
small number of publications (16.1%) were available until the early 2000s. Mainly starting in 
2003 there was a gradual increase in the number of published articles with a marked increase 
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around the year of 2011 with 57% of articles published between 2011 to present. Publications 
appeared in several peer-reviewed journals (n=41), with a large percentage of articles 
published in Ergonomics (19.35%), Journal of Occupational and Environmental Medicine 
(7.5%), Journal of Strength and Conditioning Research (7.5%) and Applied Ergonomic 
(7.5%). In the present review, majority of published articles originate from the United States 
(n=54) with the largest number of articles (n=24) published in the United States from 2011 to 
2015. Published articles have also originated from Canada (n=7), the United Kingdom (n=7), 
and Iran (n=6). Supplementary Table 2.14. provides additional information on the published 
articles distributed by year and country.  
2.4.2 Sample Characteristics 
The inclusion criteria and the search strategy aimed to focus selection to only studies 
with samples of structural firefighters. Overall, published research on SETs in the context of 
firefighting was, in this review, conducted with firefighters described as a combination of 
professional and experienced (n=36), career and volunteer (n=18), and recruits or trainees 
(n=10). Several studies did not specify (n=29) the status of the firefighters. All studies 
assessed and declared firefighters as healthy and fit to participate prior to completing the 
SETs. Publications included samples of male only (n=56), and male and female (n=28) 
firefighters, with a total of 3454 (108[3%] females) firefighters included in the studies. 
Samples ranged from five to 198 firefighters. Nine studies did not state whether their samples 
included females and so were assumed to be male only. There were no included studies that 
comprised of female only samples. Additionally, the age of participants ranged from 18 to 69 
years old with an average mean age of 33.2 ± 6.3 years old. 
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2.4.3 Research Designs 
The inclusion criteria aimed to yield only quantitative studies. Seventy-nine (84.9%) 
of the 93 studies measured physiological parameters. Additionally, 21 complemented their 
physiological data with questionnaires (psychometrics and perceptual measures). Fifty studies 
(53.8%) were quasi experimental including pretest/posttest designs without random selection 
of the participant or randomized allocation to control or experimental groups, while nine 
studies (9.7%) used randomized controlled trials. Additionally, 35 of the 50 quasi-
experimental studies measured responses before and after completing the SET to examine the 
effects of “firefighting.” Other studies included conditions with an acute exercise session 
(n=1), comparing different PPE and SCBAs (n=4), comparing cooling strategies (n=4), 
comparing SET temperatures (n=5), implementing a rehabilitation period (n=1), and using 
aspirin supplementation (n=2). Twelve (12.9%) studies were observational, examining the 
metabolic demands or energy costs of firefighting. Three longitudinal, intervention-based 
studies (3.2%) examined the effects of exercise training programs on variables of health and 
fitness of firefighters. Interventions ranged from nine to 14 weeks. Lastly, 19 cross-sectional 
studies (20.4%) correlated variables of health and fitness with firefighter SET performance. 
2.4.4 SETs 
2.4.4.1 SET Protocols 
SET methods were categorized as either presented as a series of tasks (n=57), scenario 
based (n=34) or both (n=2). SET methods were categorized by protocol which varied by tasks 
or scenario, environment, participant instructions, and duration. Across the 93 studies, 57 
studies were categorized into 24 identified protocols. The remaining 36 studies each used a 
unique protocol which were labelled “unknown protocols”. Examples of protocols that 
frequently appear within the literature include The Legacy Protocol (n=10), the 3 Hour 
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Protocol (n=4), Smoke-diving Protocol (n=4), Simulated Fire Ground Test (SFGT)(n=2), 
Simulated Job Performance Assessment (JPA)(n=2), Firefighting Simulation Test 
(FFST)(n=2), and several others. Supplementary Table 2.15. provides a list of the identified 
protocols and the studies in which they appear. 
2.4.4.2 Setting and Structure 
SETs involved a variety of settings and structures (n=9). The most common structures 
used for conducting SETs were training towers (n=27) with a range of three to 23 floors, two-
storey residential buildings (n=20), firegrounds (n=12), training houses (n=9) or multiple 
locations including both a training structure and the outside firegrounds (n=16). 
2.4.4.3 Tasks 
SETs included 31 types of tasks. Supplementary Table 2.16. provides a list of all the 
tasks identified and the frequency that they appear across the 93 studies. For the SETs that 
were categorized as scenario based, the objectives clarified the tasks completed by the 
firefighter(s). The number of tasks per each SET ranged from one to eleven. The most 
common tasks included hose advancement (n=61), search (n=46) and rescue (n=64), stair 
climb (n=56), forcible entry (n=42), fire suppression (n=26), and equipment carry (n=24).  
2.4.4.4 Environmental Conditions 
SETs used live-fire, heat, smoke or a combination to simulate the fire emergency 
environmental conditions. SETs included either live-fire (n=41) or no live-fire (n=52). Live-
fire SETs involved executing a controlled burning method using liquid gas, wooden pallets, 
or small fuel packages. Live-fire temperatures ranged from 46C to 140C depending on the 
duration of the burn and the location of the temperature measurement within the live-fire 
structure. Additionally, all live-fire SETs included smoke. Some SETs used artificial smoke 
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without the presence of fire (n=11), and artificial heat (n=7), while others (n=34) did not 
implement fire, heat, or smoke. 
2.4.5.5 PPE and Equipment 
To further simulate a firefighting emergency, firefighters completed SETs while 
wearing firefighting PPE and equipment. Majority of SETs (n=89) required firefighters to 
wear full PPE. Full PPE included the following: turnout pants, turnout coat, hood, helmet, 
gloves, boots, uniform pants, uniform t-shirts, socks, and undergarments. Firefighter wore full 
SCBA including the facepiece in nearly all studies (n=87). Three studies did not use the 
facepiece while one study did not include the SCBA at all and two studies used a weighted 
vest equal in weight to the SCBA. The average mean weight for PPE reported in the studies 
was ~23kg. 
2.4.4.6 Participant instructions 
Instructions for completing the SETs included whether firefighters would complete 
the tasks individually (n=63) or as part of a pair (n=13) or a group (n=17). Groups ranged 
from three to six firefighters. Additionally, some studies included instructors or safety officers 
(n=23) that accompanied the individuals or teams. Instructions for the pace in which 
firefighters were to complete the tasks/SETs included “as fast as possible” (n=25), “a work 
rate similar to that of a fire emergency” (n=7) or “self-paced” (n=2). Some studies required 
the firefighter to work for a set amount of time (n=24). The remaining studies did not 
specifically mention pace instructions.  
2.4.4.7 Duration 
SETs varied in duration including both the length of time to complete the tasks and/or 
SET and the number of times (evolutions) the firefighter completed the SET. Total time to 
complete SETs ranged from approximately five minutes to three hours. Evolutions were 
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defined as full completion of the scenario or all the tasks that comprised the SET. Majority of 
SETs involved a single evolution (n=59) of a scenario or tasks, while others required 
firefighters to complete two (n=11), or three or more (n=14) evolutions. 
2.4.4.8 Outcomes 
Studies included a variety of outcomes measured throughout the SETs. These 
outcomes were physiological, physical, psychological, and performance related. Among those 
frequently measured were heart rate, core temperature, aerobic capacity, rate of perceived 
exertion, anxiety, thermal sensations, and time to complete. Supplementary Table 2.17. 
provides a full list of the physiological, psychological, physical, and performance outcomes 
included within the SET studies. 
2.4.5 Study Outcomes 
The current section serves to overview the primary outcomes researched using SETs 
among firefighter populations. Studies were organized by the central outcome of interest into 
twelve categories. This section presents as an overview, rather than an exhaustive account of 
each outcome. The main outcomes of the published studies were examining thermal responses 
(n=9), psychological responses and cognitive function (n=14) and measuring (n=7) and 
predicting (n=13) performance. Additionally, published articles measured the 
cardiorespiratory demands (n=8) and cardiovascular strain (n=7) of firefighting, and measure 
firefighter’s cardiac function (n=5), and blood responses (n=9) to a SET. Studies also 
compared PPE (n=7), as well as cooling methods following simulated firefighting (n=9). 
However, only a few studies, sought to validate SETs (n=4). 
2.4.5.1 Cardiorespiratory Demands 
Eight studies (8.6%, 227 participants) focused on cardiorespiratory demands during a 
SET. See Supplementary Table 2.1 for full details. SET studies that focused on 
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cardiorespiratory demands measured oxygen uptake (VO2) while firefighters completed the 
SET to quantify the demands of firefighting or the tasks firefighters are asked to complete 
during the emergency. VO2 was commonly reported as percentage of maximum VO2 (VO2-
max) which was measured prior to the firefighting activities using a treadmill test or estimated 
using a submaximal treadmill test. Firefighting activities also varied in duration, ranging from 
approximately five to 27 minutes. VO2 measurements collected during the SETs vary and 
range from 56%-80% of VO2-max while heart rates can reach 75%-95% of age predicted 
HRmax. For example, after ~14 minutes of activity, Louhevaara et al. (1993) reported mean 
VO2 to reach 56% of VO2-max, while ~12 minutes of activity led to mean VO2 to reached 
62±10% of VO2-max (Elsner & Kolkhorst). Different to that, Perroni et al. (2010) and 
Williams-Bell et al. (2010a) reported mean VO2 near 80±15% and 75±8% VO2-max after ~10 
minutes of activity. Additionally, after longer durations (20+ minutes) mean VO2 varied 
between 60%-80% of VO2-max (Homer & Gavhed, 2007; Lusa, Louhevaara, Smolander, 
Kivimaki, & Korhonen, 1993).  
The specific tasks the firefighters completed during the SET or whether the SET 
involved periods of non-steady state activity vs steady state activity could be the reason for 
the differences in VO2. Non-steady state activity, such as moving through tasks, is more 
difficult to measure than steady state activity such as running on a treadmill (Lemon & 
Hermiston (1997). Three studies examined the demands of separate tasks that were included 
in the SETs and reported climbing tasks (stair or ladder climb) as having the highest aerobic 
demands ranging from 40 to 45 ml/kg/min (Holmer & Gavhed, 2007; Lemon & Hermiston, 
1977; Mamen, Oseland, & Medbo, 2013). Climbing for a length of time is a steady state 
activity making it easier to measure the aerobic demands of the task. As well, during climbing 
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activities firefighters are likely to be carrying equipment or rescuing patrons, which could add 
to the workload leading to increased aerobic demands. This body of research informs on the 
aerobic demands of firefighting which can range depending on the duration of the SET and 
the specific tasks included within the SET. This research also highlights the role of 
cardiorespiratory fitness in firefighting and specific levels of fitness necessary for completing 
job tasks. 
2.4.5.2 Cardiovascular Strain 
Seven studies (7.5%, 398 participants) measured cardiovascular strain during a SET. 
See Supplementary Table 2.2 for full details. SET studies focused on the cardiac strain of 
firefighting examined heart rate responses during a firefighting activity. Studies evaluated the 
cardiac strain experienced during firefighting (Al-Zaiti, Rittenberger, Reis, & Hostler, 2015; 
Bugajska, Zuzewicz, Szmauz-Dybko, & Konarska, 2007; Davis & Gallagher, 2014; Smith et 
al., 2015; Smith, Haller, Benedict, & Moore-Merrell, 2016a), compared cardiac strain 
experienced during firefighting to cardiac strain experienced during stress tests (Angerer, 
Kadlez-Gebhardt, Delius, Raluca, & Nowak, 2008), and evaluated the effectiveness of 
rehabilitation programs to improve cardiovascular functional capacity of firefighters 
following a cardiac event (Adams et al., 2009). 
Studies focused on measuring cardiac strain of firefighting reported high levels of 
strain following firefighting activities using a SET, with heart rates reaching maximal or near 
maximal levels (Al-Zaiti et al., 2015; Bugajska et al., 2007; Davis & Gallagher, 2014; Smith 
et al., 2015; Smith et al., 2016). These heart rates were similar to heart rates reported in the 
studies focused on aerobic capacity (Elsner & Kolkhorst, 2008; Louhevaara et al., 1993; Lusa 
et al., 1993; Williams-Bell et al., 2010a) which reported heart rates to reach 75%-95% of 
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participants HRmax. In other studies Adams and colleagues (2009) measured cardiovascular 
functional capacity of firefighters during a SET before and after completing a rehab program. 
The functional capacity of the rehabbed firefighters greatly exceeded that typically attained 
by patients in a traditional cardiac rehabilitation program, indicating the new program to be 
effective for returning firefighters to work after a cardiovascular event. Angerer et al. (2008) 
compared the heart rate responses from a SET to a stress test. During the SET, maximum heart 
rates were higher than heart rates during the stress test. The authors concluded that fire 
suppression led to extreme cardiac strain with heart rates that were higher than during stress 
and exercise tests. This research informs on the cardiac strain that is experienced during 
firefighting, with heart rates reaching maximal or near maximal levels and heart rates that 
were higher than those observed during generic stress tests. These findings provide evidence 
a possible pathway in which cardiovascular disease may develop in this population, the current 
leading cause of death among firefighters. 
2.4.5.3 Measuring Performance 
Seven of the studies (7.5%, 138 participants) implemented SETs to measure 
occupational performance. See Supplementary Table 2.3 for full details. The studies 
quantified occupational performance as time to complete the SET and/or time to complete 
each task of the SET and assessed occupational performance following exercise interventions, 
acute bouts of exercise, or under different environmental conditions. Three studies compared 
performance before and after firefighters completed an exercise intervention (Adams et al., 
1986; Pawlak et al., 2015; Petersen, Dodd, Alvar, Rhea, & Favre, 2008). Firefighters 
performed faster on SETs following 9-week (Petersen et al., 2008), 12-week (Pawlak et al., 
2015), and 14-week (Adams et al., 1986) exercise interventions. Three studies examined the 
effects of certain conditions (i.e. fatigued, pre-warmed, heat exposure) on SET performance 
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(Dennison et al., 2012; Eglin & Tipton, 2005; Levels, de Koning, Mol, Foster, & Daanen, 
2014). Dennison and colleagues (2012) measured SET performance of fatigued trained and 
untrained firefighters. The authors reported that a fatigued state (induced by completing an 
acute exercise session) decreased performance on the SET. However, regardless of fatigue, 
the trained firefighters completed the SET faster than the untrained firefighters. Levels et al. 
(2014) also examined the effect of a pre-warming phase on SET performance and observed 
reduced performance (increased time) from the pre-warmed group compared to controls. In 
another study, Eglin and Tipton (2005) compared SET performance before and after exposure 
to heat and reported decreased performance following heat exposure with increased times, 
higher heart rates, rate of perceived exertion, and oxygen demands. These studies highlight 
the use of exercise interventions to increase firefighter performance and how fitness may 
impact performance. These studies also provide evidence of the effects of environmental 
conditions, particularly heat or smoke, on performance. Overall, these studies provide insight 
on the physical and physiological demands of firefighting.  
2.4.5.4 Predicting performance 
Predicting performance was the focus of 13 studies (14%), accounting for 854 
participants. See Supplementary Table 2.4 for full details. SET studies focused on predicting 
performance compared and correlated performance on fitness tests and anthropometric data 
to performance on a SET. Time to complete a SET was typically correlated with variables 
related to fitness or health such as heart rate, aerobic capacity, age, and body fat percentage. 
Greater VO2-max (n=6) (Davis, Dotson, & Santo Maria, 1982; Gendron, Freiberger, 
Laurencelle, Trudeau, & Lajoie, 2015; Nazari, MacDermid, Sinden, & Overend, 2018; Siddal, 
Stevenson, Turner, & Bilzon, 2018; Sothmann et al., 1990, von-Heimburg, Rasmussen, & 
Medbo, 2006), lower body fat percentage (n=5) (Calavalle et al., 2013; Davis et al., 1982; 
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Michaelides, Parpa, Thompson, & Brown, 2008; Michaelides, Parpa, Henry, Thompson, & 
Brown, 2011; Siddal et al., 2018; Williford et al., 1999), greater muscular strength and 
endurance (n=5) (Davis et al., 1982; Henderson, Berry, & Matic, 2007; Michaelides et al., 
2008; Nazari et al., 2018; Rhea, Alvar, & Gray 2004; Williford et al., 1999), and lower age 
(younger) (n=4) (Calavalle et al., 2013; Davis et al., 1982; Michaelides et al., 2011; Nazari et 
al., 2018) were the variables frequently reported to correlate with faster SET performance. 
These studies highlight the role of fitness in firefighting and how greater fitness can lead to 
greater occupational performance. This body of research also provides support for the 
inclusion of physical fitness requirements as a component of the fit for duty status required 
for firefighters to participate in fire suppression. 
2.4.5.5 Thermal responses 
Nine studies (9.7%, 203 participants) focused on measuring thermal responses during 
a SET including live-fire, heat, and/or smoke. See Supplementary Table 2.5 for full details. 
Measures included core and/or skin temperature. Four studies compared responses to different 
environmental conditions (i.e. various heat and smoke intensities, locations throughout a live-
fire scenario, and settings) (Hemmatjo, Motamedzade, Aliabadi, Kalatpour, & Farhadian, 
2017a; Hemmatjo, Motamedzade, Aliabadi, Kalatpour, & Farhadian, 2017b; Horn et al., 2018; 
Horn et al., 2015). Horn and colleagues (2019) and Romet and Frim (1987) measured thermal 
responses during live-fire SETs and observed significant increases in heart rate and body 
temperature. Hemmatjo et al. (2017a) compared physiological responses to low, moderate, 
and severe heat conditions. Heart rate and skin temperature increased significantly in all 
conditions but were highest in the severe heat. In another study, Hemmatjo and colleagues 
(2017b) compared responses during a SET with or without smoke. Heart rate and body 
temperature increased in both conditions, but body temperature was higher in the smoke 
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condition compared to the no-smoke condition. Horn et al. (2018) compared responses of 
firefighters performing fire suppression in different locations (inside or outside a structure) 
where heat intensities experienced by firefighters differ. Firefighters assigned to overhaul 
(inside) experienced the highest core temperatures followed by outside ventilation. Inside 
crews experienced high skin and core temperatures but did not significantly differ from 
outside crews. Three studies compared responses of firefighters who completed two or three 
evolutions of a SET (Horn, Blevins, Fernhall, & Smith, 2013; Hostler, Colburn, Rittenberger, 
& Reis, 2016; Mani et al., 2013). These studies observed increases in core temperature and 
heart rate in the initial evolution, with core temperature continuing to increase in the following 
evolutions. This body of research informs the possible effects of environmental conditions on 
firefighters during a fire emergency. Severe heat conditions, smoke, and/or location within 
the structure can all impact the physiological responses of firefighters during fire suppression. 
This research highlights some of the physiological demands of firefighting.  
2.4.5.6 Cardiac Function 
Cardiac function was the focus of five studies (5.4%), accounting for 191 participants. 
See Supplementary Table 2.6 for full details. These studies examined changes in physiological 
measures of cardiac function following short term (Hunter et al., 2017; Yan et al., 2012) and 
long term (Fahs et al., 2011; Fernhall, Fahs, Horn, Rowland, & Smith, 2012) SETs. Following 
a short duration SET, Hunter et al. (2017) observed changes in key mechanisms of acute 
myocardial infarction including ex vivo thrombus formation, enhanced platelet activation and 
impairment of vasomotor endothelial functions. While Yan and colleagues (2012) reported 
decreased left ventricular function and arterial ventricular coupling. Fahs et al. (2011) and 
Fernhall et al. (2012) examined cardiac responses to long duration (3hrs) firefighting. 
Following three hours of firefighting, Fahs and colleagues observed increased central artery 
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stiffness and augmentation index while microvascular function increased simultaneously 
producing carotid artery dilation. Fernhall et al. (2012) reported alterations in left ventricular 
function (consistent with cardiac fatigue) and increased heart rates near maximal levels, 
resulting in dehydration and hyperthermia. Lane-Cardova et al. (2015) examined cardiac 
responses and the effects of acute or chronic aspirin supplementation. Aspirin use (acute 
and/or chronic versus placebo) did not affect forearm vasodilatory capacity, blood pressures, 
or arterial stiffness at rest or after firefighting, indicating that hemodynamics was not affected 
by aspirin supplementation in this study. These studies highlight the physiological demands 
of firefighting, specifically the impact firefighting may have on measures of cardiac function. 
This research also provides insight into the possible mechanism/pathways in which 
cardiovascular disease may develop in firefighters.  
2.4.5.7 Psychological Responses and Cognitive Function 
The psychological and cognitive effects of firefighting was the focus of 14 studies 
(15.1%) accounting for 487 participants. See Supplementary Table 2.7 for full details. Four 
studies examined both hormonal and psychological components of the stress response to 
firefighting. Kivimaki and Lusa (1994) examined stress responses to a SET and observed 
increased heart rates prior to the SET (indicating anticipatory psychological stress) and during 
the SET. Smith et al. (2005) observed an activation of the HPA axis as characterized by 
elevations in plasma ACTH and cortisol along with increased state anxiety. In a different 
study, psychological responses did not mirror physiological responses following firefighting 
indicating that the physiological changes, such as increases in salivary cortisol, could be due 
to the exercise load rather than psychological stress (Perroni et al., 2009). Different results 
were also reported by Rosalky, Hostler and Webb (2017) who observed no changes in cortisol 
throughout a SET but observed increases in fear. In other studies, firefighters experienced an 
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increase in state anxiety (Petruzello et al., 2016; Rosalky et al., 2017; Greenlee et al., 2014; 
Baumann, Gohm, & Bonner 2011) and changes in mood (Greenlee et al., 2014; Petruzzello et 
al., 2016; Gohm, Baumann, & Sniezek, 2011; Smith, Manning, & Petruzzello, 2001) 
following a SET. These results provide evidence of the physiological and psychological 
demands experienced by firefighters before, during, and after emergencies. Firefighting may 
lead to anticipatory stress, increased stress reactivity, anxiety, and changes in mood.  
Eight studies measured cognitive function before and after a SET. Information 
processing was frequently measured using the Continuous Performance Task (CPT) (Conners, 
Connelly, Campbell, Maclean, & Barnes, 2000) which measures reaction time and correct 
response, or the Paced Audio Serial Addition Task (PASAT) (Gronwall, 1977) which 
measures correct response only. However, mixed results were reported. Using the CPT, 
Greenlee et al. (2014) observed slower reactions following a SET but no differences in 
response accuracy. Hemmajto, Motamedzade, Alibadi, Kalatpour, and Farhadian. (2018a) 
also examined information processing with the CPT before and after a SET with and without 
smoke. The authors observed faster reactions and more errors in responses for both conditions, 
but reaction time and correct response was significantly worse in the smoke condition 
compared to the no-smoke condition. In a different study, Hemmajto, Motamedzade, Alibadi, 
Kalatpour, and Farhadian (2017c) examined information processing with the PASAT before 
and after a SET in low, moderate, and severe heat conditions. Correct response decreased in 
all conditions but was only significantly different between low and severe heat. Indicating that 
severe heat led to the greater reduction in cognitive function. Similar results were reported by 
Zare and colleagues (2018) following a live-fire SET. Correct response was significantly 
lower (worse) after the SET and subsequent heat exposure. These findings highlight the 
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cognitive impact a fire emergency and environmental conditions can have on firefighters, 
leading to changes in cognitive function and highlighting a possible speed/accuracy trade off.   
2.4.5.8 Blood responses 
Nine studies examined changes in blood characteristics and responses to firefighting 
(9.7%, 347 participants). See Supplementary Table 2.8 for full details. Authors observed 
increases in blood coagulation (clotting) and fibrinolysis (Smith et al., 2014a; Smith et al., 
2014b; Burgess et al., 2012; Smith, Horn, Woods, Ploutz-Synder, & Fernhall, 2016b), changes 
blood lactate concentration indicating reliability on aerobic metabolism while completing 
firefighting tasks (Smith, Petruzzello, Kramer, & Misner, 1996; Smith, Petruzzello, Kramer, 
& Misner, 1997; von-Heimburg & Medbo 2013), increases in platelet numbers (Smith et al., 
2014a; Smith et al., 2011), and decreases in plasma volume, blood glucose and sodium 
concentrations (Smith, Petruzzello, Chludzinski, Reed, & Woods, 2001) immediately 
following short bouts of firefighting. These findings provide evidence of the physiological 
demands of firefighting. Interests in blood coagulation and fibrinolysis is likely due to the 
increased rates of cardiovascular disease among firefighters. Increases in blood coagulation 
and fibrinolysis (or lack of) could be a pathway in which cardiovascular diseases develop 
within this population. Blood lactate concentration is also an indicator of aerobic demands of 
firefighting.  
2.4.5.9 Cooling Methods 
Nine studies (9.7%, 308 participants) focused on implementing and comparing the 
effects of cooling methods during or after a SET. See Supplementary Table 2.9 for full details. 
Three studies examined the effects of a singular cooling method during a recovery phase after 
a SET. These methods included a cooling chair (Burgess et al., 2012), cool water hand 
immersion (Carter, Rayson, Wilkinson, Richmond, & Blacker, 2007), and active cooling by 
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providing water, sports drinks, and cold towels (Horn et al., 2011). While Burgess et al. (2012) 
observed greater reduction in core temperatures and heart rates during recovery with the 
cooling chair, Carter et al. (2007) and Horn et al. (2011) did not. Hemmajto et al. (2017a) 
compared the effects of multiple cooling methods; a cooling vest (CV), cooling gel (CG), or 
combined vest and gel (CVCG), and no cooling (NC) conditions, on physiological strain and 
cognitive function. The cooling vest was the most effective cooling method at reducing 
physiological strain and was more effective at improving cognitive function. In another study, 
the authors also reported a cooling vest to be more effective for reducing skin temperature and 
heart rates than other cooling methods, such as forearm immersion and combined cooling vest 
and forearm immersion tactics (Hemmajto, Zare, Hajaghazadeh, Allahyar, & Kazemi, 2018b). 
Additionally, the authors observed improved SET performance time when using a cooling 
vest or combined cooling vest and gel (Hemmajto et al., 2017b). Conversely, when Colburn 
and colleagues (2011) compared a cooling vest to forearm immersion or combined forearm 
immersion and a cooling vest, the authors reported a slightly higher cooling rate in the forearm 
immersion group. Yeargin et al. (2016) also reported similar results. While Walker, Driller, 
Brearley, Argus, and Rattray (2014) observed both forearm immersion and iced slush 
ingestion to result in greater cooling rates compared to controls. These findings, along with 
the finding reported on thermal responses, provide evidence of the physiological demands of 
firefighting and provide possible interventions that could be used to reduce the physiological 
demands of the environmental conditions of firefighters. Further research is needed regarding 
the practical use of these interventions during a fire emergency.  
2.4.5.10 Comparing PPE 
Comparing PPE was the focus of seven studies (7.5%), accounting for 103 
participants. See Supplementary Table 2.10 for full details. Majority of studies compared 
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different types of SCBAs and the effects on physiological responses and/or performance. The 
interest in this area is due to the added physiological strain the heavy PPE and SCBA impose 
on firefighters. Wearing the SCBA has been reported to slow firefighters and increase cardiac 
stress and rate of perceived exertion (Marcel-millet et al., 2018). Improvements in this area 
could help to reduce physical and physiological strain experienced by firefighters and lead to 
improvements in mobility and performance. For example, Coca, Kim, Duff, and Williams 
(2011) compared two types of SCBA, a low profile and a standard SCBA and observed greater 
mobility in firefighters using the low profile SCBA. Overall subjects rated the low profile 
SCBA higher in areas of range of motion, mobility, comfort, induction of fatigue, interaction 
with other PPE and operability. Similarly, Griefahn, Kunemund, and Brode (2003) compared 
three types of SCBAs, an innovative design SCBA with better distribution of weight across 
the back and two conventional light and heavy SCBAs. A decrease of physiological strain and 
improvements of performance in terms of faster execution of tasks were only observed with 
the new device design. Manning and Griggs (1983) also compared no SCBA, light SCBA, or 
heavy SCBA conditions and observed faster performance in the light SCBA and no SCBA 
compared to the heavy SCBA condition. PPE and SCBA are one of the main contributors to 
the physiological demands of firefighting and these findings provide insight into the impact 
these specific pieces of equipment can have on firefighters. Modifications, such as reducing 
the weight of the SCBA, is one possible way to reduce the physiological demands of the 
required equipment required for fire suppression.  
2.4.5.11 Validating SETs 
Four studies (4.3%, 194 participants) sought to validate SETs, assessing reliability and 
validity, by comparing SET performance over time and performance on validated fitness 
assessments. See Supplementary Table 2.11 for full details. SET protocols and the included 
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occupational tasks varied across the validation studies. Plat et al. (2010) and Stevenson et al. 
(2019) evaluated reliability and validity of versions of the Firefighting Simulation Test (FFST) 
and reported high test-retest reliability after one-week (Stevenson et al., 2019) and three-
weeks (Plat et al., 2010). Additionally, Plat reported overall construct validity of the FFST to 
be moderate, while Stevenson et al. (2019) evaluated the FFST as a measure of 
cardiorespiratory fitness and reported high validity based on correlations between VO2-max 
and performance time.  
Two studies focused on validating SETs as representations of real-life situations. 
Gledhill and Jamnik (1992) compared physiological responses during firefighting to 
responses observed during a SET to evaluate the validity of the SET as a simulation of a 
firefighting emergency. The authors observed similar changes under both conditions and 
concluded that the SET could be a valid simulation of firefighting. Using a different approach, 
Oldham et al. (2000) evaluated the muscular activation of four work tasks compared to four 
simulated work tasks included in a SET to determine validity. The authors reported two of the 
tasks, ladder hauling and extending a hose, to be valid representations of real-life situations 
based on the muscular activation required for each task. However, the two remaining tasks 
(placing a ladder on the fire apparatus and a barbell deadlift) did not demonstrate validity. The 
authors cited differences in muscular activation between the real and simulated tasks as the 
explanation for their conclusion for validity of the tasks. This body of research is a start 
towards validating SETs as measures of the physical and physiological demands of 
firefighting. Given the small number of studies within the literature, further validation studies 
would strengthen the SET as a method for evaluating fitness for duty of firefighters and 




The remaining four studies (4.3%, 152 participant) included a SET and examined 
various unique aspects of firefighting. See Supplementary Table 2.12 for full details. Frost, 
Beach, McGill, and Callaghan (2015) sought to predict motion patterns exhibited by 
firefighters when performing job tasks. Similarly, Park and colleagues (2018), assessed 
movement focusing on gait performance and the effect of fatigue during live-fire training. 
Changes in rate of perceived exertion before and after firefighting (Goss, Robertson, Deldin, 
Gibbs, & Hostler, 2014) and the effects of curcumin supplementation on oxidative stress 
markers during firefighting (McAllister et al., 2018) was also examined. These studies 
highlight that researchers can use SETs to further explore many different outcomes and areas 
of interest.  
2.5 Discussion 
This review aimed to provide an overview of SETs and the existing SET research in 
the context of firefighting. Following a systematic search and selection process, adhering to a 
focused inclusion criterion, 93 studies were selected. To address the aims of this Chapter and 
provide information and direction for this thesis, the studies were reviewed, and data was 
synthesized. The present results, in accordance with the aim of providing an overview of SETs 
and existing SET research, provide brief information on publication history and geography; 
provides information on sample characteristics of firefighters included in the studies; details 
components of SETs and simulation protocols most often employed in the field, and reveals 
the general outcomes of focus of firefighting research implementing SETs. 
This review suggests there are relatively few published articles implementing SETs in 
firefighting research, however, the number of studies has increased in the last ten years. A 
significant number of articles has originated from the United States indicating that most 
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research on SETs is conducted on firefighters from the United States, as well as some research 
from Canada, the United Kingdom, and Iran. Thus, SET research from a few countries is being 
applied to the whole world. It is well known that fire services vary across departments within 
nations and across nations. Therefore, more research is needed from different countries to 
fully understand the use of SETs within firefighting internationally. 
Regarding sample characteristics, studies included male and female firefighters of 
varying status and age and both career and volunteer firefighters with a range of years of 
experience. There are likely to be differences in workload between career/professional and 
volunteer firefighters as well as differences in reactions to situations based on experience and 
age. In this sense the SET research appears to cover the diversity of firefighter populations. 
However, there is an imbalance between males and females included in the studies, with only 
108 females out of 3454 (3%) participants and no SET research conducted with female only 
samples. This imbalance is common among firefighting research and it is often argued that 
this imbalance is representative of firefighter populations, as there are less females employed 
in the occupation. Nevertheless, it is well known within research that males and females 
respond differently psychologically and physiologically to stress (Almela et al., 2011) and 
exercise (McDowell, Campbell, & Herring, 2016) therefore, there is a need for more research 
conducted with female populations to increase our understanding of all firefighters. In terms 
of SETs, it is common for workloads and physical fitness requirements to differ between males 
and females and therefore SET research including more female or with female only samples 
would help to determine if SETs standards can be established across both male and female 
populations or if adaptations would be necessary. 
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In terms of methodology, SETs varied by protocol, which subsequently led to a 
variation in setting and structures, tasks or scenarios, environmental conditions, instructions, 
and duration. From the 93 selected studies, 60 different protocols were identified. Frequency 
of use of each protocol varied across the literature. Majority (n=36) of the protocols appeared 
once (in one study). The remaining protocols (n=24) appeared more than once throughout the 
studies, with only one protocol appearing more than five times (The Legacy Protocol). The 
large number of protocols identified and the fact that majority of the protocols were only 
implemented as a once off method, indicate the lack of a standard SET or a SOP for 
implementing SETs in firefighting research. The large number of protocols could also be one 
explanation for the mixed results of the studies included in the current review. 
There has also been a range of outcomes studied while using SETs. Examination of 
the physiological effects of firefighting has become a large focus of firefighter research due 
to the interest in understanding the impact the demands of firefighting have on personnel. 
Specifically, heart rate responses and aerobic capacity have been extensively studied. This 
interest is likely due to the need for understanding how continuous exposure to these demands 
and the accompanied physiological strain, impact firefighters and to what extent these 
demands increase the risk of injury, illness, or death (Fishta & Backe, 2015; Baur, Christophi, 
Tsismenakis, Cook, & Kales, 2011; Chiou, Turner, Zwiener, Weaver, & Haskell, 2012). 
Cardiac function, cardiovascular strain and stress responses, both psychological and 
physiological are also of interest due to the high incidence of cardiovascular disease among 
firefighters. Surprisingly, cardiac events have remained the leading cause of death among US 
firefighters over the last 20 years, accounting for 45% of firefighter deaths from 1994 to 2004 
and 47% of deaths from 2002 to 2012 (Andrews, Gallagher, & Herring, 2019; Kales, 
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Sorteriades, Christophi, & Christiani, 2007; Sen, Palmieri, & Greenhalgh, 2016). Thus, these 
high rates of disease have led to a call to action by researchers and health practitioners to 
investigate the effects of firefighting on personnel, and the mechanism/pathways by which 
cardiovascular disease can develop. Lastly, the focus on comparing cooling methods and 
different configurations and designs of PPE originate from interest in understanding the 
physiological responses and performance of firefighters while wearing PPE and reducing the 
physical and physiological strain added from wearing PPE and SCBA (Antolini, Weston, & 
Tidus, 2015). 
Measuring and predicting performance was the most common focus of the majority of 
published articles implementing SETs in firefighting research. Time to complete and fitness 
parameters such as VO2-max, heart rate, and oxygen consumption were the common outcomes 
measured to quantify performance during firefighting. Implementing SETs to measure 
firefighter’s performance has become a significant interest in research due to the need to 
include occupational tests that are applicable and generalizable to the emergency environment. 
Emergencies and fire suppression expose firefighters to several factors that can impact 
performance. These include wearing PPE and SCBA (Antolini et al., 2015), exposure to heat, 
fire, and smoke (Al-Zaiti et la., 2015; Boyd, Rogers, Docherty, & Petersen, 2015), urgency of 
the situation, and relevant cognitive challenges, such as problem solving and information 
processing (Greenlee et al., 2014). Therefore, measuring performance within the emergency 
environment has become a preferred method when evaluating firefighters as fit for duty.  
Interest has also grown in understanding how specific factors impact and predict 
firefighter’s performance. Researchers are more inclined to use SETs to measure performance 
under relevant conditions and correlate variables of health and fitness and individual 
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characteristics with performance. Similar to quantifying performance, a majority of studies 
focused on comparing outcomes of health and fitness as their main predictors of a firefighters’ 
performance during a SET or in real-life during an emergency. Health-related variables, such 
as body composition (body mass index, waist-hip ratio, and body fat percentage), blood 
pressure, and heart rate (Cornell, Gnackinski, Meyer, & Ebersole, 2017), and variables of 
fitness, such as cardiorespiratory fitness (Baur et al., 2011), anaerobic power, and muscular 
strength and endurance, are generally evaluated when declaring a firefighter as “fit for duty,” 
and therefore have become of particular interest in the research focused on predicting 
performance.  
Validating SETs was most infrequently the focus of SET research. This is surprising 
considering the number of studies that have implemented SETs as a method of evaluating 
performance. SETs are being implemented to assess performance with the aim of improving 
the accuracy of methods used for evaluating firefighter’s fitness for duty. There are health and 
safety implications for improving these methods. There are also financial implications for 
improving the process of evaluating firefighters as fit for duty. However, to improve the 
methods used for evaluating fitness for duty, evaluating the validity of SETs and establishing 
standards for implementing SETs is necessary first. The absence of validation focused 
research has likely also contributed to the large number of protocols observed within the SET 
research. Only a few studies have attempted to validate SETs using a comparative method 
with a focus on comparing fitness and health outcomes with SET performance outcomes.  
A common theme emerging from the present review is the tendency of research to 
focus on the physical and physiological demands of firefighting. Firefighting is a highly 
demanding occupation because it involves physical, physiological and psychological 
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demands. Examples of physical demands include the tasks completed during fire suppression 
and emergency response, while physiological demands include wearing heavy and insulating 
PPE and exposure to the environmental conditions of live-fire, heat and smoke which further 
exacerbate physiological responses achieved while managing the physical demands. 
Psychological demands then add further to the load placed on firefighters. Firefighters must 
evaluate situations, relay information, problem solve, and experience stress, anxiety and 
emotional challenges.  
Based on this it is clear there is more to firefighter performance and fitness for duty 
then being able to complete a task quickly or with the least physical effort. However, majority 
of studies focused on outcomes related to the physical and physiological demands when 
measuring and predicting performance and validating SETs. A more accurate measure of 
performance or fitness for duty should also include outcomes that cover all the demands of 
firefighting. These could include interactive problems the firefighter must solve during the 
SET, measurement of the ability to recall and relay information to others, or the assessment 
of a firefighter’s ability to manage emotional or stressful stimuli (i.e. an injured firefighter or 
patron, a blocked exit). Research validating SETs with measures related to psychological or 
cognitive demands, not just outcomes of fitness and health, is also needed. In doing so, the 
addition of outcomes related to the psychological demands of firefighting would add a 
component of “mental fitness” to the fitness for duty evaluation of firefighters.  
Several implications emerge from the present review that inform this thesis. The 
findings indicate that SETs are frequently used to measure and predict occupational 
performance. Although SETs are becoming the more common method to test firefighters 
under conditions like those experienced during fire suppression and emergency events, the 
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current review highlights some limitations, notably the large number of SET protocols, the 
lack of validation focused research, and the heavy focus on the physical and physiological 
demands which limits the assessment of fitness for duty to physical fitness and health and 
excludes “mental health”. Investigators have started to validate SETs, but further research is 
needed that considers additional outcomes when measuring and predicting performance and 
validating SETs. 
Future research needs to examine the validity of existing SETs and work towards 
building on the validation research. Future research will be particularly meaningful if the 
shortcomings highlighted by this evaluation of the existing SET protocols are then followed 
up with additional validation studies that lead to recommendations for standards or a SOP for 
implementing SETs. Many fire departments within nations and across nations adopt NFPA 
standards and therefore future research could look to incorporate existing NFPA standards 
into the standards developed for SETs. Future research should also consider additional 
outcomes of performance to include in SETs in order to further quantify fitness for duty. 
2.6 Conclusions 
Although there has been an increase in SET research in the last ten years, this review 
stresses the importance of furthering SET research, particularly in the area of validating SETs. 
The 93 reviewed studies have revealed a large number of SET protocols, which subsequently 
led to a variation in methodological components of SETs (e.g., settings, tasks or scenarios, 
environmental conditions, instructions and durations) across studies. There has also been a 
range of outcomes studied using SETs; all of which could be further explored with additional 
research as many of the results reported were inconsistent/mixed. The variety of SET 
protocols could also be an explanation for the inconsistent observations (i.e. differences in 
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psychological responses observed and differences in thermal responses (core temperature 
changes)). However, there is a need to prioritize validating SETs before further research can 
be rigorously conducted on any of the outcomes discussed in the current review. Validating 
SETs and developing a standard protocol or SOP for implementing SETs for the evaluation 
































This Chapter aims to extend the findings of Chapter Two, the absence of validation 
studies and the variation in SET methodology used across studies, by extracting information 
on the ecological and content validity of existing SETs. The current Chapter evaluates the 
existing SET protocols, identified in Chapter Two, on the extent to which materials, settings, 
tasks, and procedures of the SET approximate a real-life fire emergency (ecological validity), 
and the extent to which the components included in the SET are representative of the physical, 
physiological, and psychological demands of firefighting (content validity). Each protocol 
was reviewed using rubrics developed using empirical evidence and established professional 
standards. Each protocol received scores for ecological and content validity. These data will 
determine the current state and methodological rigor of existing SETs and highlight notable 
areas to improve the overall validity of SETs. The findings will inform the development, 
testing, and empirical evaluation of a more robust SET in the Chapters to follow. Overall, the 
findings from the current chapter and the findings from Chapters Four through Six will inform 
the development of a proposed SOP of implementing SETs. 
3.2 Introduction 
Firefighting is a unique occupation that includes completing physically demanding 
tasks (Stevenson, Siddal, Turner & Bilzon, 2016) in environmental conditions that are 
physiologically and psychologically demanding, while wearing or using equipment that 
further exacerbates the inherent physiological strain (Blacker et al., 2016; Boyd et al., 2015; 
Chiou et al., 2012). Collectively these factors contribute to the difficulty in accurately 
measuring fitness for duty of firefighters. The fire service employs many forms of assessment 
including fitness testing, medical evaluations, and occupational skills testing. While fitness 
testing and medical evaluations assess variables of health and fitness relevant to fitness for 
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duty (Cornell et al., 2017; Baur et al., 2011; Henderson et al., 2007), occupational skills or the 
ability to perform job functions are generally evaluated under conditions relevant to a fire 
emergency that can impact performance. For example, wearing PPE and SCBA (Antolini et 
al., 2015), and exposure to environmental elements of heat, fire, and smoke (Al-Zaiti et al., 
2015; Boyd et al., 2015). 
SETs have become a commonly used tool in firefighting assessment and research, with 
Chapter Two of this thesis identifying 93 studies implementing SETs between 1977 and 2020. 
Specifically, the review in Chapter Two resulted in the identification of 60 different existing 
SET protocols within the firefighting research. Despite the growing use of SETs in firefighting 
research, there are few empirical studies (Stevenson et al., 2019; Blacker et al., 2016; 
Stevenson et al., 2016; Plat et al., 2010, Oldham et al., 2000; Gledhill & Jamnik, 1922) that 
investigate and endorse the validity of the method. 
The quality of any assessment tool is demonstrated with validity. Validity implies that 
the results are representative of what the researcher intended for them to represent (Johnston 
& Pennypacker, 1985). Demonstrating predictive validity is a common goal of research 
employing simulations. Lammers et al. (2008) describes the development of performance 
standards and the assessment and validation of methods, simulator models, and assessment 
tools as the first two steps to developing valid simulations for assessment and training in the 
medical profession. Researchers can easily adapt this development process to the use of 
simulations in firefighting. The remaining steps include optimizing methods, ensuring transfer 
of skills, and preventing skill decay over time.  
Development of performance standards is generally completed using task analyses to 
evaluate job activities and provide a representative sample of competencies expected. In 
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firefighting, governing bodies, such as the NFPA publish standards on requisite skills and job 
performance requirements expected of firefighters. Previously conducted tasks analyses by 
Blacker et al. (2016) and Stevenson et al. (2016) have identified and defined minimum 
acceptable performance standards of essential occupational tasks reflective of the activities 
that firefighters perform during fire emergencies. These included: a hose run, casualty 
evacuation, carrying equipment, wild-land fire suppression, climbing stairs, and lifting, 
lowering and extending ladders. The requisite skills and job functions published by the NFPA 
and the tasks identified by Blacker et al. (2016) and Stevenson et al. (2016) provide the basis 
to further evaluate the validity of SETs, which is step two in developing valid simulations 
according to Lammers et al. (2008). 
Currently, there is no peer-reviewed manuscript that provides a comprehensive 
evaluation of the validity of existing SET protocols used in firefighting research. Two types 
of validity important to the establishment of empirical validity for a SET are ecological and 
content validity. Ecological validity is the extent to which the materials and setting of the 
study approximate the real world that is being examined and thus influences the accuracy of 
predicting behaviour in real-life (Schmuckler, 2001). Components of a SET necessary for 
ecological validity include the environmental conditions, the tasks, and the setting. Content 
validity is the extent to which a measure represents all facets of a given construct or represents 
what it is trying to imitate (Schmuckler, 2001). Content validity of a SET requires the 
inclusions of aspects that simulate the physical, physiological, and psychological demands 
that are present within the fire emergency environment. Ecological validity increases the 
likeliness of transfer of skill from the SET to real life scenarios and increases the likeliness of 
content validity. Content validity increases the likeliness of observing representative 
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responses which further informs about fitness for duty in the professional context and on the 
impact of firefighting on personnel in the research context. Thus, in order to address the gap 
in the literature, evaluations of the ecological and content validity of the existing SET 
protocols were conducted to inform subsequent recommendations regarding their use for both 
this thesis and firefighting research and evaluation. 
3.3 Method 
The sixty SET protocols from the 93 studies selected in Chapter Two were evaluated 
on ecological and content validity. Briefly, eight databases were searched using the following 
inclusion criteria: (1) electronically-accessible English language publication; (2) publication 
in a peer-reviewed journal; (3) original studies, rather than reviews, theses, books, interviews, 
conference proceeding, et cetera; (4) publications involving firefighters; (5) publications 
involving one or more simulated firefighting task, including but not limited to, casualty 
evacuation, carrying equipment, advancing hoses, stair climbing, and lifting, extending, and 
lowering ladders; (6) publications that examined structural firefighting only; (6) publications 
that did not involve strictly laboratory testing, no-PPE, and non-firefighter populations. The 
initial search yielded 848 records published up to February 2020. After removing duplicates 
and assessing titles, abstracts, and full texts, ninety-three studies were reviewed in Chapter 
Two. From these, 60 SET protocols were identified and included for evaluation of ecological 
and content validity.  
3.3.1 Evaluation 
3.3.1.1 Ecological Validity 
To evaluate the SET protocols on ecological and content validity, with no current 
method available for evaluating SETs, an evaluation method was developed using standards 
published by the NFPA as a guide. Supplementary Table 3.1 presents a list of the referenced 
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standards and their scopes. The NFPA is the governing body most frequently followed by fire 
departments (domestically in the United States and internationally). The standards published 
by the NFPA outline both requisite skills for firefighters and SOPs for fire suppression. Two 
standards were reviewed, the NFPA 1001 Standard for Fire Fighter Professional 
Qualifications (2019) and NFPA 1403 Standard on Live-Fire Training Evolutions (2018). 
NFPA 1001 identified the minimum job performance requirements for firefighter professional 
qualifications while NFPA 1403 provides requirements for all fire suppression personnel 
engaged in firefighting operations under live-fire conditions. Additionally, standards on fire 
service respiratory protection training (SCBA training), emergency scene operations, and fire 
suppression operations for career and volunteer firefighters were reviewed.  
Following review of the appropriate standards, identification of requisite skills, and 
standing operating procedures for fire suppression, key components of fire suppression were 
identified. Supplementary Table 3.2 provides details on the key components identified for 
evaluating ecological validity and the corresponding article/sections of the standard from 
which the component was identified. The following main components of fire suppression were 
identified: environmental conditions, training setting, tasks, equipment, participants, 
procedures, and supervision. To provide an overall score for ecological validity, points were 
allocated to each main component based on what was needed to meet the requirement 
according to the NFPA standard. The highest possible overall score was 30. Supplementary 
Table 3.3 provides the scoring rubric for ecological validity. 
3.3.1.1.1 Environmental Conditions 
SETs earned a total of five points, accounting for 15.6% of the total ecological validity 
score, for environmental conditions; one point each for the inclusion of live-fire, heat, and/or 
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smoke. SETs could earn an additional point if smoke only conditions used artificial smoke 
and if live-fire conditions used appropriate fuel methods to create the live-fire or heated 
environments. Appropriate controlled burning methods included using liquid gas, wooden 
pallets, or small fuel packages. 
3.3.1.1.2 Training Setting 
SETs earned a total of two points, 6.3% of the total ecological validity score, for the 
training setting. A SET was allocated one point if at least one of the approved structures were 
used. Approved structures included live-fire structures, training towers and buildings, 
acquired structures, and the firegrounds. Only one point was earned even if a protocol 
involved more than one approved location. A SET could be allocated an additional point if 
the live-fire structure was made of the appropriate materials such as concrete or steel. 
3.3.1.1.3 Tasks 
The tasks included in the SET accounted for 40.6% of the total ecological validity 
score. A total of 13 points was possible, one point for each of the requisite skills identified by 
the NFPA standards. These included the following: forcible entry, equipment carry, search, 
rescue, ladder work (carry, raise, climb, etc.), fire extinguishment, hose advancement, 
ventilation (horizontal and vertical), crawl, overhaul, pump operation, illumination, 
equipment hoist, and incident command.  
3.3.1.1.4 Equipment 
A protocol could score a total of five points for equipment, accounting for 15.6% of 
the total ecological validity score. A protocol earned one point each for the use of full PPE 
and SCBA and two additional points if the PPE and SCBA met the NFPA standards and an 
instructor or safety officer checked it to be correctly worn according to the manufacturer’s 
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instructions. SETs earned one additional point if a fire apparatus (truck) was present, based 
on the NFPA requisite skill that firefighters be able to disembark the fire apparatus safely.  
3.3.1.1.5 Participants 
A protocol earned a total of two points, accounting for 6.3% of the total ecological 
validity score, if firefighters completed the SET individually or with one or more firefighters. 
NFPA standards required that firefighters be able to complete required job tasks both 
individually and as part of a team/group therefore SETs should include both individual and 
group tasks. 
3.3.1.1.5 Supervision 
A protocol earned total of two points for including supervision during the SETs. This 
component accounts for 6.3% of the total ecological validity score. The NFPA requires that 
certified fire instructors and/or safety officers supervise all fire suppression training activities. 
3.3.1.1.6 Procedures 
A protocol scored a point (3.3% of the total ecological validity score) for the 
procedures component and if the protocol included a familiarization period. This could be 
either a briefing conducted by the supervising safety officer or instructor in a classroom or 
outside the training setting or a walk through conducted prior to completing the test evolution. 
The NFPA requires training to include a familiarization period to reduce the risk of injury to 
the participating firefighters when using hazardous conditions. Other procedural components 
include the number of evolutions, duration of the SET, and inclusion of breaks/rests. 
3.3.1.2 Content validity 
The evaluation of content validity followed a similar method. Supplementary Table 
3.2 also provides corresponding standards related to the physical, physiological, and 
psychological demands that are present during fire emergencies. The components identified 
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for evaluating ecological validity were either a physical, physiological or psychological 
demand. Protocols were allocated points if a component relevant to the specific demand was 
present during the SET. Supplementary Table 3.4 provides the scoring rubric for content 
validity. The evaluation rubric provides a separate score each for physical, physiological, and 
psychological demands, as well as an overall content validity score. Protocols earned one 
point total for each demand. The highest overall score was three. 
3.3.1.2.1 Physical Demands 
A protocol earned one point, accounting for 33.3 % of the total content validity score 
for the presence of physical demands. The physical demands of firefighting result from the 
tasks firefighters perform which require physical exertion, energy expenditure, muscular 
strength and endurance (Davis et al., 1986; Henderson et al., 2007; Michaelides et al., 2008; 
Nazari et al.,2018; Rhea et al., 2004; Williford et al., 1999) and cardiorespiratory fitness 
(Davis et al., 1982; Gendron et al., 2015; Nazari et al., 2018; Siddal et al., 2018; Sothmann et 
al., 1990, von-Heimburg et al., 2006). In addition to the physical demands of completing the 
tasks, the firefighter uses or carries heavy tools and equipment. This includes wearing PPE 
and SCBA as well as using and carrying items such as ladders, hoses, axes etc. The tasks, and 
the weight and insulating properties of PPE and SCBA are the main contributors to the 
observed high physical demands and were therefore included as items relevant to the content 
validity of a SET. The presence of tasks and equipment earned half a point (0.50) each. 
3.3.1.2.2 Physiological Demands 
The presence of physiological demands earned 33.3% (one point) of the total content 
validity score. During fire suppression and emergency response, several factors increase the 
physiological responses of firefighters. Physiological demands identified throughout the 
literature and NFPA standards include wearing full PPE (Marcel-Millet et al., 2018; Smith & 
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Petruzzello, 1998; Fogarty et al., 2015; Richmond, Rayson, Wilkinson, Carter, & Blacker, 
2008) and SCBA (Coca et al., 2011; Griefan et al., 2003; Manning & Griggs, 1983) and the 
presence of live-fire, heat, and/or smoke (Horn et al., 2019; Romet & Frim, 1987; Horn et al., 
2018; Horn et al., 2015). The use of full PPE and SCBA and the presence of live-fire, heat, 
and/or smoke earned one fifth of a point (0.20) each. 
3.3.1.2.3 Psychological Demands 
A protocol earned one point (33.3% of the total content validity score) for the presence 
of psychological demands. The literature presented four types of psychological demands 
relevant to firefighting: anticipation, alarm exposure, time urgency, and cognitive load. 
Firefighters spend time waiting in anticipation for the alarm, which is the most common 
stressor experienced by firefighters (Young et al., 2014). This anticipation also continues to 
build until the firefighter arrives at the emergency scene (Kivimaki & Lusa, 1994). Once fire 
suppression activities begin, a time urgency is present. The firefighter feels pressure to 
complete required tasks quickly in order to reduce the damage to property and the likelihood 
of injury or death to those requiring rescue (Smith, Manning, & Petruzzello, 2001). 
Additionally, the firefighter is aware that if their time to complete exceeds their available air 
supply they will eventually need to break to replenish their SCBA. Lastly, during fire 
suppression firefighters encounter challenges related to cognitive function such as information 
processing, working memory, rapid assessment, decision making and problem solving 
(Greenlee et al., 2014). To allow for additional psychological demands that have not been 
commonly studied in the limited literature focused on psychological demands of firefighting, 
the rubric also included an “other” category. The presence of a psychological demands earned 




From the 93 studies identified in Chapter Two further reviewed identified 60 different 
SET protocols. After reviewing the corresponding articles for each protocol, SET 
methodological data was synthesized for the following main components of a fire emergency: 
environmental conditions, training setting, tasks, equipment, participants, supervision and 
procedures. Supplementary Table 3.5 provides full details for each of the SET protocols. If 
more than one study implemented the same SET protocol, using the same components and 
methodologies, the studies were examined together. Each protocol was then evaluated based 
on these main components and scores were allocated and totalled for each component and 
overall providing a total ecological validity score. Each protocol was also evaluated based on 
physical, physiological, and psychological demands and scores were allocated and totalled for 
each demand and overall providing a total content validity score. Supplementary Table 3.3-
3.4 provides the completed scoring rubrics for ecological and content validity of each 
protocol. 
3.4 Results 
3.4.1 Ecological Validity 
Mean ecological validity score was 11.0 ± 3.3 (36.6 ± 10.9 %) out of 30 (100%). 
Scores ranged from 5 to 19 (16.7 to 63.3 %), with Protocol 11 scoring the lowest and the 
Legacy Protocol scoring the highest. See Table 3.1 for overall mean ecological validity score 
and for each main component. Supplementary Table 3.6 provides the scores out of 30 and as 
percentages for each protocol. Majority of protocols (n=42) scored in the range between eight 
(26.7%) to 13 (43.3%). Seven protocols scored 15 (50 %) or higher of which only one protocol 
scored a 19 (63.3%). 
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Table 3.1 Mean ecological validity scores for all SET protocols. 
 Mean Mean (%) 
Ecological Validity 11.0 ± 3.3 36.6 ± 10.9 
Environmental Conditions 1.6 ± 1.6 5.3 ± 5.4 
Training Setting 1.3 ± 0.4 4.2 ± 1.5 
Tasks 3.9 ± 1.8 12.8 ± 5.9 
Equipment 2.3 ± 0.9 7.6 ± 3.0 
Participants 1.0 ± 0.1 3.4 ± 0.4 
Supervision 0.5 ± 0.6 1.5 ± 2.2 
Procedures 0.6 ± 0.7 1.9 ± 2.2 
 
3.4.1.1 Environmental Conditions 
SETS used live-fire, heat, smoke or a combination to simulate the fire emergency 
environmental conditions. The mean score for environmental conditions was 1.6 ± 1.6 (5.3 ± 
5.4 %). All live-fire SETs (n=21) included heat and smoke and scored three points. Some 
SETs used smoke only (n=4), heat only (n=4), or a combination of heat and smoke (n=4). 
However, almost half of the protocols (n=27) did not include environmental conditions such 
as fire, heat, and/or smoke. 
3.4.1.2 Training Setting 
SETs involved a variety of settings and structures (n=6). The mean score for training 
setting was 1.3 ± 0.4 (4.2 ± 1.5%). The most common structure used for conducting SETs 
were live-fire structures (n=17) of which 82.5% (n=14) were stated to be made of appropriate 
materials such as concrete or steel. Other structures include training towers (n=8) with a range 
of three to 23 floors, two-storey training buildings (n=12), firegrounds (n=17), smoke-diving 
chamber (n=2), and acquired structures (n=7). Some protocols included multiple locations 
including both a training structure and the outside firegrounds (n=16).  
3.4.1.3 Tasks 
Mean score for tasks was 3.9 ± 1.8 (12.8 ± 5.9). Scores ranged from one to nine. The 
most common tasks included rescue (n=42), stair climb (n=36), hose advancement (n=36), 
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search (n=26), forcible entry (n=22), and fire extinguishment (n=17). One protocol included 
a cognitive task within the SET and one included incident command which were the only non-
physical tasks included across all the SETs. Although the NFPA only identified 13 tasks as 
requisite skills, SETs included 31 different tasks. Supplementary Table 3.7. provides a list of 
all the included tasks and frequency that they appear across the 60 protocols.  
3.4.1.4 Equipment 
The mean score for equipment was 2.3 ± 0.9 (7.6 ± 3.0 %). Majority of SET protocols 
required firefighters to wear full PPE (n=57) and SCBA (n=57). PPE included the following: 
turnout pants, turnout coat, hood, helmet, gloves, boots, uniform pants, uniform t-shirts, socks, 
and undergarments. Three protocols used partial PPE, while one study did not include the 
SCBA at all and two studies used a weighted vest equal in weight to the SCBA. Majority of 
studies reported PPE to weigh and average ~ 23kg. A small number of protocols (n=12) 
reported PPE and SCBA to be compliant with NFPA Standards by only. Furthermore, only a 
few protocols (n=4) included equipment checks completed by an instructor or safety officer. 
Only four protocols included a fire apparatus. 
3.4.1.5 Participants 
Mean score of the participants component was 1.0 ± 0.1 (3.4 ± 0.4%). Firefighters 
completed the SETs individually (n=40), paired (n=7), or as part of a group/company (n=12). 
Only one protocol (Protocol 27; Oldham et al., 2000) required firefighters to complete tasks 
both individually and paired. Groups or companies ranged from three to six firefighters. 
3.4.1.6 Supervision 
Mean score for the supervision component was 0.5 ± 0.6 (1.5 ± 2.2 %). Majority of 
protocols did not include supervision (n=38) or did not state the inclusion of supervision. The 
protocols that did implement supervision (n=22) included instructors (n=10), safety officers 
54 
 
(n=9), experienced firefighters (n=2) and researchers (n=1) that accompanied the individuals 
or groups. Five of the protocols implemented two supervisors which was either the 
combination of an instructor and one other individual (n=3), or a safety officer and one other 
individual (n=2). Supervision including both a safety officer and an instructor was not 
implemented by any of the protocols.  
3.4.1.7 Procedures 
Mean score for the procedure component was 0.6 ± 0.7 (1.9 ± 2.2 %). Majority of 
SETs involved completing a single evolution (n=37) of a scenario or tasks, while others 
required firefighters to complete two (n=9), and three or more (n=14) evolutions, with the 
highest number of evolutions being nine. One third (n=20) of the protocols implemented a 
familiarization period prior to completion of the SET. Protocols required firefighters to work 
for durations ranging from approximately five minutes to three hours. Only a small number 
of protocols (n=14) included breaks or rests between evolutions. 
3.4.2 Content Validity 
Mean overall content validity score was 1.9 ± 0.6 (64.7 ± 18.5%) out of three (100%). 
See Table 3.2 for overall mean content validity scores for each demand type. Scores ranged 
from 0.6 (20%) to 2.6 (86.7%), with Protocol 11 scoring the lowest and Protocol Three scoring 
the highest. Majority of scores (n=50) ranged from 1.4 to 2.0. Supplementary Table 3.6 
presents content validity scores and percentages for each protocol. 
Table 3.2 Mean content validity scores for all SET protocols. 
 Mean Mean (%) 
Content Validity 1.9 ± 0.6 64.7 ± 18.5 
Physical Demands 1.0 ± 0.2 31.7 ± 6.7 
Physiological Demands 0.6 ± 0.3 21.3 ± 10.3 




3.4.2.1 Physical Demands 
Mean score for physical demands was 1.0 ± 0.2 (31.7 ± 6.7%) out of one (33.3%) 
point. Majority of protocols (n=56) included both tasks and equipment and scored one point. 
Of the four protocols that scored less than one point, two protocols did not include physical 
demands and two included partial demands which were cases where firefighters completed 
tasks that did not require equipment or the use of full PPE or SCBA. 
3.4.2.2 Physiological Demands 
Mean score for physiological demands was 0.6 ± 0.3 (21.3 ± 10.3%) out of one 
(33.3%) possible point. Majority of protocols (n=23) scored 0.4, included at least two of the 
physiological demands. The most common physiological demands included were full PPE 
(n=57) and SCBA (n=57). A total of 21 protocols scored one point and included full PPE, 
SCBA, live-fire, heat, and smoke. However, live-fire (n=21) was the least common 
physiological demand present among the SETs. Three protocols did not include physiological 
demands.  
3.4.2.3 Psychological Demands 
Mean score for psychological demands was 0.4 ± 0.5 (12.8 ± 16.4%) out of one 
(33.3%) possible point. Majority of protocols (n=37) did not include psychological demands. 
Time urgency (n=18) was the most common included psychological demand included 
followed by cognitive function (n=4), alarm exposure (n=1), and anticipation period (n=1). 
Others included performance evaluation (n=5) and noise (n=1).  
3.5 Discussion 
This review evaluated the ecological and content validity of the 60 existing SET 
protocols identified within previous firefighting research. Each SET attempts to encapsulate 
the fire emergency environment, thereby allowing for the assessment of firefighters under the 
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relevant occupational conditions and demands that are the most impactful. However, after 
evaluating the extent to which each protocol simulates the fire emergency environment by 
implementing the relevant materials and settings (ecological validity) and the extent to which 
each protocol represents all facets (the demands) of the fire emergency environment (content 
validity), it is clear that some SETs are better representative of the fire emergency environment 
than others and include components relevant to the physical and physiological demands of 
firefighting. Others SETs highlight areas of improvement to increase the overall validity of 
SETs. 
Regarding ecological validity, majority of protocols scored 46% (14 points) or lower 
with a mean score of only 36% (~11 points) and therefore have moderate 
applicability/generalizability to a real fire emergency. The protocols with the highest 
ecological validity, scored 50% to 63%. These were the Legacy Protocol (63%), the 3-Hour 
Protocol (60%), Burn Building Evolution (60%), Protocol 18 (60%), High Rise Fire (57%), 
Protocol Three (50%), and Protocol 21 (50%). The protocols had several similar contributing 
factors that increased their ecological validity. Firstly, the protocols scored high (3-4) points 
on the “environmental conditions” component, with majority using live-fire, heat and smoke 
with the appropriate fuel type. Secondly, they scored highly on the setting component with 
majority using a live-fire structure of appropriate materials. The tasks were the third 
contributing component where these protocols earned points, including four to nine NFPA 
requisite skill related tasks. Lastly, the protocols earned at least three points on the equipment 
component, with majority including full PPE and SCBA that met NFPA standards. Of the 
protocols that scored low on overall ecological validity, the environmental conditions, tasks, 
and equipment components were areas that many of the protocols were missing. These areas 
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are essential to creating a simulation that is representative of a fire emergency due to the 
impact these specific components have on the physiological responses of firefighters.  
The environmental conditions are one component of a fire emergency that can greatly 
impact firefighters and is therefore highly pertinent to the overall ecological validity of a SET. 
During firefighting, the presence of live-fire, heat, and smoke can reduce performance (Eglin 
& Tipton, 2005) and increase physiological responses including heart rate and core 
temperature (Horn et al., 2018; Horn et al., 2015), blood coagulation and fibrinolysis (Smith 
et al., 2014a; Smith et al., 2014b; Burgess et al., 2012; Smith et al., 2016), and impact cardiac 
function (Hunter et al., 2017; Yan et al., 2012; Fahs et al., 2011; Fernhall et al., 2012). As 
well, environmental conditions can lead to increases in state anxiety (Petruzello et al., 2016; 
Rosalky et al., 2017; Greenlee et al., 2014: Baumann et al., 2011), impact mood (Greenlee et 
al., 2014; Petruzzello et al., 2016; Gohm et al., 2011; Smith, Manning, & Petruzzello, 2001) 
and decrease cognitive functioning (Greenlee et al., 2014; Zare et al., 2018). Nearly half of 
the protocols did not include any form of environmental conditions. This is likely due to the 
difficulty in procuring/gaining access to proper facilities and crew that can facilitate full live-
fire burns. Most of the protocols that did include live-fire, used live-fire structures built for 
purpose or within permanent training facilities. Others used structures that were acquired, 
approved and rigged for burning with appropriate burning methods. To increase the validity 
of a SET, including environmental conditions is necessary due to the impact these conditions 
can have on firefighter performance and physiological responses. 
The tasks component is one component that contributed towards a large percentage 
(40%) of the ecological validity score The low number of tasks included in these SETs, 
relevant to the NFPA requisite skills outlined in the NFPA 1001, led to low scores on this 
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component which likely impacted the overall ecological validity score of the SETs. Majority 
of protocols (n=45) implemented three to six tasks, less than half of the identified tasks 
outlined by the NFPA. The tasks, a large part of a firefighter’s job functions, are the most 
physically demanding aspects of the occupation, requiring a specific level of fitness and skill 
in order to be safely and effectively completed. Therefore, the inclusion of appropriate tasks 
relevant to firefighting contributes greatly to the overall ecological validity of SETs. One task 
that was common among the protocols, though not a requisite skill outlined by the NFPA, was 
stair climbing. Previous research has reported climbing tasks to be one of the most physically 
demanding tasks encountered during firefighting due to the high aerobic demands required 
(Holmer & Gavhed, 2007; Lemon & Hermiston, 1977; Mamen et al., 2013). The weight of 
PPE and SCBA plus any additional weight from carrying and moving equipment or people 
likely contribute to these demands. Despite the NFPA not recognizing stair climbing as a 
requisite skill, including stair climbing in SETs may be a simple way to capture the physical 
demands of firefighting. 
The equipment is another component that contributes to the overall ecological validity 
of a SET. The weight and insulating properties of firefighter PPE and SCBA increase the 
physiological and physical demands experienced by the firefighters (Blacker et al., 2016; 
Boyd et al., 2015; Chiou et al., 2012). PPE and SCBA are heavy and restrict movement and 
while wearing them firefighters can exert themselves 85% to 100% of their maximal heart 
rates (Manning & Griggs, 1983). Majority of protocols (n=57) earned a large percentage of 
the equipment points by requiring firefighters to complete the SETs in full PPE and SCBA. 
The tasks and the environmental conditions, as well as the weight and insulating properties of 
firefighter PPE and SCBA are the major contributors to the physical and physiological 
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demands of firefighting and it is necessary for SETs to include these items to demonstrate 
ecological validity. 
Regarding content validity, majority of protocols scored between 47% to 67% with a 
mean score of only 56% (1.7 points) and therefore are moderately representative of a real fire 
emergency. The protocols with the highest content validity, scored 73% to 87%. Overall 
protocols generally included tasks and equipment representative of the physical demands and 
most had partial physiological demands by including full PPE and SCBA, but many did not 
include environmental conditions. Notably, majority of protocols (n=37) did not include 
psychological demands. Therefore, majority of the existing SETs are not representative of the 
psychological demands relevant to the fire emergency environment. This is a major area in 
need of improvement. 
Firefighting is a unique occupation not only because it includes physical, physiological 
and psychological demands but because firefighters encounter these demands simultaneously 
in the emergency environment. Previous research has observed the concurrent demands 
experienced to increase firefighters’ inherent physiological responses, impact performance 
(Webb et al., 2010; Webb et al., 2011) and increase the demand load, placing greater strain on 
the central nervous system (Roth, Bachtler, & Fillingim, 1990; Szabo, Peronnet, Gauvin, & 
Furedy, 1994; Rousselle, Blascovich, & Kelsey, 1995; Acevedo et al., 2006; Webb et al., 
2008). Therefore, not only is it pertinent for SETs to include physical and physiological 
demands, but in order to be representative of a fire emergency environment, the psychological 
demands must also be present. 
Examining both overall ecological and content validity together, a few protocols 
scored above average on both. Among the protocols with both high ecological and content 
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validity was Protocol Three (Ecological validity 50%, Content Validity 87%), Protocol 21 
(Ecological validity 50%, Content Validity 80%), the NFPA 1403 Compliant Live-fire 
Evolution (Ecological validity 47%, Content Validity 73%), and the Firefighting Exercise 
(Ecological validity 43%, Content Validity 73%).  However, some protocols that scored the 
highest on ecological validity did not score as high on content validity. Several protocols that 
scored the highest on ecological validity relied heavily on the physical and physiological 
demands but did not include psychological demands. Thus, even with the presence of both 
physical and physiological demands, without psychological demands included within the 
SETs the content validity of the SET will be reduced. For example, the protocols that were 
commonly used throughout the SET literature scored the highest on ecological validity, like 
the Legacy Protocol (Ecological validity of 63%), the 3-Hour Protocol (Ecological validity of 
60%), and the Burn Building Evolution (Ecological validity of 60%), only scored 67% (Two 
points) on content validity due to the missing psychological demands. Highlighting the 
importance of including all the relevant demands of firefighting to increase the validity of a 
SET. 
Taking into consideration both the ecological and content validity scores, it appears 
Protocol Three included components that best approximated a fire emergency and best 
represented the facets of firefighting. Protocol 21, the NFPA 1403 Compliant Live-fire 
Evolution, and the Firefighting Exercise were also close approximations and representations 
of firefighting/a fire emergency. Despite scoring the highest out of the 60 existing protocols, 
the protocols could have scored higher and thus there is still a need for improvement of the 
ecological and content validity of existing SETs. For example, Protocol Three included 
psychological demands by incorporating an anticipation period and alarm exposure within the 
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SET. These are both psychological demands relevant to firefighting, but generally occur prior 
to arriving at the emergency environment and engaging in fire suppression. Therefore, there 
is not only a need for including psychological demands within SET protocols, but also a need 
to include psychological demands that occur during fire suppression once the firefighter enters 
the fire emergency environment. During emergencies firefighters must assess situations, 
rapidly make decisions, and relay information. The inclusion of tasks that require firefighters 
to engage in these cognitive functions could be one way to better incorporate the psychological 
demands of firefighting.  
Cognitive tasks and measurements of cognitive function are typically included during 
short term multifactorial simulations of other high-reliability occupations, including simulated 
combat (Lieberman, Bathalon Falco, Kramer, & Morgan, 2005), military training (Lieberman, 
Castellani, & Young 2009), simulated flight tests (Huttunen, Keranen, Vayrynen, Paakkonen, 
& Leino, 2011), and simulated shoot-out incidents (Lewinski, Dysterhaft, Priem, and Pettitt, 
2016). Additionally, these studies observed adverse changes in cognitive functions, such as 
working memory, information processing, attention and communication performance. These 
adverse changes were also accompanied by adverse changes in anxiety, stress and fatigue 
(Stokes & Kite, 2003; Svensson & Wilson, 2002). These findings highlight the impact 
cognitive demands or tasks that increase cognitive load in demanding situations can have on 
performance by impairing functions such as working memory, information processing, 
attention and communication. For example, police officers completing field operations failed 
to recall specific details relevant to the situation (Lewinski et al., 2016) while pilots failed to 
pass on essential information to crew members (Silberstein & Dietrich, 2003). These errors in 
real-life could have severe consequences. 
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In firefighting, impairment in these similar cognitive functions can have implications 
for health and safety, especially in hazardous environments such as a structural fire. For 
example, failure to pass on important information to other firefighters or the incident 
commander or failure to recall the location of individuals in need of rescue could lead to injury 
or loss of life of those involved. Considering all of this, it is pertinent for the psychological 
demands, particularly those related to cognitive functioning, to be present in SETs. In the 
professional context, continuing to assess firefighters as fit for duty without including 
psychological demands can have severe implications in real-life, again leading to errors and 
possibly injury or death of those involved. Additionally, in research, continuing to examine 
the impact of firefighting without including the possible influence of psychological demands 
will lead to inconclusive or inaccurate results. 
In the current review, only five protocols included cognitive demands. The cognitive 
demands employed in the SETs varied, engaging different executive functions related to 
cognitive performance. The Search & Rescue protocol (Kivimaki & Lusa, 1994) asked 
firefighters to think aloud continuously to a radio. Cognitive performance was then studied 
from the recorded think aloud data, focusing on thoughts that were task focused. The 
Simulated Firefighting Rescue Intervention (Perroni et al., 2009; Perroni et al., 2010) required 
firefighters to engage navigation and orientation skills by completing a maze in a dark 
chamber in order to find the exit and finish the SET. The Trondheim Test (von Heimburg & 
Medbo, 2013) included a basic 20-piece puzzle (suitable for children aged 5-7) for firefighter 
to complete during the SET. Lastly, Protocol 24 (Marcel-Millet et al., 2018) measured 
selective attention and inhibition using a two-minute version of the Stroop Test that 
firefighters completed mid-SET on a computer. 
63 
 
These are the first attempts of previous research to include cognitive tasks during 
simulated firefighting. However, examining the methods further reveals that, only two tasks 
are relevant to firefighting/fire suppression and representative of cognitive functions a 
firefighter may use during a fire emergency. The thinking aloud task (Kivimaki & Lusa, 1994) 
is comparable to a real fire emergency where the firefighters within the structure would need 
to update the firefighter engaging in incident command outside the structure to ensure that 
help is not needed, no accident has occurred, and that the situation is under control. The search 
maze task (Perroni et al., 2009; Perroni et al., 2010) is representative of navigating through a 
building that may be dark, or smoke filled to find patrons or an exit. Therefore, to improve 
the content validity of SETs, the cognitive demands not only need to be present, but they also 
need to be representative of job functions relative to firefighting (ecologically valid).  
SETs could also include tasks that engage other cognitive functions that are relevant 
to firefighting, such as information processing, working memory and problem solving or 
multiple tasks that engage multiple cognitive functions. For example, during fire 
extinguishment firefighters must communicate, maintain constant team coordination, and 
report and appraise incident command of the changing conditions. These tasks would require 
cognitive functions such as information processing, memory recall, and decision making. 
Firefighters may also need to solve problems on the go, such as moving debris or materials to 
reach an individual in need while ensuring that structure integrity is maintained. These tasks, 
and other tasks, would require quick planning and execution of a plan in order to complete the 
tasks or “solve the problem.” Vigilance, concentration, and maintaining awareness of critical 
cues in the environment (relevant to or indicating flashover or structural collapse), while 
simultaneously focusing on the primary task (task switching) are additional cognitive 
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functions a firefighter may engage during fire suppression activities. Currently, development 
and validation of cognitive tasks relevant to firefighting and for use within SETs is still 
needed. 
There are limitations to this review. Firstly, the method for evaluating ecological 
validity and content validity was a novel method. However, in absence of a current method 
for evaluating SETs on ecological and content validity, and due to the uniqueness of 
firefighting, items were selected to be relevant to ecological and content validity of SETs 
using both empirical evidence and published occupational standards. Developing this rubric 
is also a basis for developing a SOP for implementing SETs for the purpose of assessment and 
research, one of the aims of this current thesis. Secondly, during the evaluations of the SETs, 
protocols scored points based on the information provided in the corresponding published 
studies. It is possible that protocols included elements that were not reported within the 
research due to publishing standards or peer-review/editing and therefore were not allocated 
points for specific component that may have been present during the protocol. Also, several 
studies were not allocated points due to missing environmental conditions. It should be 
acknowledged that one of the difficulties of implementing SETs is having access to the 
appropriate facilities to include all aspects of a fire emergency such as the environmental 
conditions. When these facilities are not available, SETs are either conducted without, or less 
frequently. Including methods that address some of the difficulties of implementing SETs 
could be considered when developing a SOP for using SETs for assessment and training. This 
would provide methods for increasing the validity of the SET when implementing specific 
components is not possible. Lastly, a single-rater completed the evaluations of the SET 




The current review evaluated existing SET protocols on ecological and content 
validity. The SETs displayed partial ecological and content validity but there are still areas 
that need improvement. SETs did not include tasks or components consistent with the 
psychological demands of firefighting. Further examination of the limited number of SETs 
that did implement psychological demands, revealed a greater need for psychological 
demands incorporated within the SET and are occupationally relevant to the job functions 
firefighters perform. One option could be to incorporate cognitive tasks to increase cognitive 
load. For example, firefighters must engage several cognitive functions such as working 
memory, information processing and problem solving while concurrently managing the 
physical and physiological demands of the emergency environment (i.e. moving thru a 
building carrying equipment while continuously relaying information back to the incident 
commander outside of the building). Incorporation of the all the demands present during and 
representative of a fire emergency environment is pertinent to improving the ecological and 
content validity of SETs. This addition could lead to more accurate assessment of fitness for 
duty and further the understanding of the impact of firefighting on personnel. This review also 
provides further evidence to support the need for an SOP that can address some of the 


























The current Chapter presents the methods to address aims three, four and five and 
objectives three through six of this thesis. A review, conducted in Chapter Two, informed the 
choice of research design and outcomes of interest. This review also highlighted a large 
quantity of existing SET protocols and the lack of validation research for SETs despite their 
growing use for investigative and assessment purposes in the context of firefighting. This led 
to the investigation of the validity of existing SETs as representative of the fire emergency 
environment (Chapter Three). This evaluation revealed that current SETs tend to exclude the 
psychological demands and focus mainly on the physical and physiological demands. This is 
evident not only in the tasks included within the SETs but also in the outcomes measured. The 
absence of psychological demands is notable because the exclusion of this impactful factor of 
the fire emergency environment would likely reduce the overall validity of a SET as 
representative of the fire emergency environment and therefore reduce the reliability of data 
collected and/or inferences made based on performance on past SETs. These findings, along 
with the findings from Chapter Two, provide a strong rationale for designing and validating a 
SET that included psychological, as well as physical and physiological demands. The addition 
of the psychological demands to the SET aimed to provide a SET that demonstrated validity 
and reliability. This Chapter also outlines methods used to evaluate validity and reliability of 
the novel SET. The results of the analyses are then reported and discussed in Chapters Five, 
Six, and Seven and used to inform the SOP, presented in Chapter Eight of this thesis.  
4.2 The Current Research 
Firefighting exposes personnel to concurrent physical, physiological, and 
psychological demands within the emergency environment. Due to the complex/multifactorial 
nature of the fire emergency environment, SETs are often implemented when assessing fitness 
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for duty, training, or investigating the impact of firefighting on personnel. SETs provide the 
opportunity to observe/examine firefighters within a setting designed to fully encapsulate the 
environment of a fire emergency, with the goal of improving the accuracy of measurements 
and increasing the generalizability of the results to a real-life fire emergency. Therefore, it is 
vital that SETs be empirically valid and reliable representations of the firefighting 
environment in order to increase the integrity of the data collected and the subsequent 
inferences made. 
4.2.1 Theoretical Approach 
The current study has based the theoretical framework on the pre-existing conceptions, 
as outlined in the literature, that the fire emergency environment is physically, physiologically 
and psychologically demanding for firefighters and these demands can impact performance, 
health and safety. The demands inherent in firefighting act as stressors. Stress is the response 
of the body to any demand (stressors) made on it (Chen, Jung, & Peacock, 1994). With stress, 
psychological and physiological changes occur including mood changes, cognitive 
impairments and autonomic activation which influence behavioural responses (Lupien & 
Schramek, 2006). Stress can influence behaviour as a result of impairment in cognitive 
function which can occur biologically or psychologically. Stressors can result in changes in 
mood, such as levels of anxiety or negative mood which can increase cognitive demand and 
reduce both storage and processing capabilities of working memory. The consumed capacity 
then denies resources to the processing of other task relevant operations (Robinson, Sünram-
Lea, Leach, & Owen-Lynch, 2008). This is basis of the resource depletion models of cognitive 
function (Eysenck & Calvo, 1992). 
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Biologically, exposure to stressors results in activation of two major endocrine 
systems, the HPA axis and the SAM. Activation of the HPA axis results in the release of 
glucocorticoids from the adrenal cortex (cortisol) and activation of the SAM leads to a release 
of adrenaline from the adrenal medulla (Sapolsky, 1992). Multiple areas of the brain contain 
glucocorticoid receptors including those that are relevant to cognition, namely, the 
hippocampus, the amygdala, and the prefrontal cortex (PFC) (McEwen, De Kloet, & Rostene, 
1986). The PFC is an area of the brain associated with cognitive function such as working 
memory (Herman, Ostrander, Mueller, Figueiredo, 2005). Since the PFC contains densely 
packed glucocorticoid receptors (Lupien, Gillin, & Hauger, 1999), changes in cortisol levels 
could likely result in impairments in cognitive function such as working memory.  
In the Transactional psychobiological model (Acevedo & Ekkekakis, 2001) the 
authors suggest that cognitive appraisals can cause central nervous system activation, thus 
resulting in an interaction with and change of physiological responses. These responses may 
include cardiovascular reactivity and release of stress hormones. The model suggest that 
cognitive appraisal of psychological demands lead to exacerbations in responses of the SAM 
and HPA axes. Indicating that these hormonal shifts are not independently related to the 
physical challenge such as exercise intensity and duration, but also related to psychological 
states and cognitive impairment. Impairments in cognitive function, namely working memory 
and attentional and information processing can lead to maladaptive behaviour or responses, 
particularly in demanding or threatening environments (Leach, 2004, 2016; Leach & Ansell, 
2008). Impairments in working memory and attentional processing due to distraction or 
stimuli overload can impede an individual’s ability to interact flexibly and act appropriately 
to the environment in a goal-directed manner.  
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The extent to which stress influences psychological and physiological changes and 
behaviour can depend on the level of arousal. According to Yerkes & Dodson (1908), 
excessively low or high levels of arousal result in decreased task performance. The locus 
coeruleus-norepinephrine (LC-NE) system, known to regulate arousal (Berridge & 
Waterhouse, 2003), is an area that is impacted by stress and influences the PFC. The 
concurrent demands within firefighting create an environment that includes many factors that 
increase the level of stress experienced by the firefighters, combining to be more stressful than 
if firefighters experienced the demands separately and likely leading to higher levels of 
arousal. 
Previous studies have combined a mental challenge with aerobic exercise (Acevedo et 
al., 2006); Roth et al., 1990; Rousselle et al., 1995; Szabo et al., 1994). Each of these studies 
demonstrated a clear increase in cardiovascular reactivity to the combination of stressors 
during exercise but did not include measures of stress hormones. In another study, following 
combined mental and physical demands, participants reported greater anxiety and overall 
effort compared to the physical challenge alone. Additionally, the combined demands resulted 
in greater levels of norepinephrine and cortisol along with greater cardiovascular reactivity 
(Webb et al., 2008; 2011). Other studies including firefighters completing a dual challenge 
reported increases in cardiovascular reactivity (Webb et al., 2010) and greater levels of 
norepinephrine and cortisol, heart rate, and state anxiety (Huang et al., 2010). These 
concurrent demands can impact firefighters through increasing stress and subsequent 
biological response and arousal which can lead to changes in mood, cognitive function and 
behaviour. Long-term stress, pathological responses and adaptations of biological responses 
have been linked to hypertension, atherosclerosis and other cardiovascular diseases. Together 
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these implications provide a rationale for training and evaluating firefighters under the 
concurrent demands relevant to a fire emergency using SETs. 
Firefighting provides a different stress model from that typically studied. Controlled 
lab stress research generally focuses on (a) physical demands such a maximal or submaximal 
physical exertion via bicycle ergometer or treadmill, (b) psychological stress via the Stroop 
colour test, mental arithmetic, or a speech, or (c) physiological demands such exposure to heat 
and humidity or examining combinations of PPE. Using SETs in firefighting is distinct 
because not only do SETs involve maximal physical exertion, but they simultaneously involve 
physiological strain and psychological demand relevant to the fire emergency environment. 
Physiological demands, though the intensity can fluctuate throughout a fire emergency, are 
environmental conditions such as live-fire, heat, smoke, wearing of heavy and insulating PPE, 
breathing through the SCBA. Physical demands encompass the tasks required of the job 
during the fire emergency, carrying and moving heavy equipment and the additional weight 
added due to PPE and SCBA. Psychological demands include psychological states and 
responses (mood, anxiety, positive and negative affect, tension, fatigue), cognitive 
load/function, trauma, and perceptions (thermal sensation, respiratory distress, rate of 
perceived exertion, perceived stress). If we can improve SETs as a method of representing the 
fire emergency environment for training, evaluation and research purposes, we can 
subsequently improve our understanding of the effect firefighting has on physiological and 
psychological processes which influence the health, safety, and performance of personnel. 
4.2.2 Designing a novel SET 
In order to address the issue of the missing psychological demands from SETs, a SET 
designed to include psychological demands by incorporating two cognitive tasks (a memory 
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recall task and a problem-solving task) into an evolution of firefighting specific tasks that 
firefighters completed while wearing full PPE and SCBA which met the requirements of the 
physical and physiological demands of a fire emergency (objective three). Chapter Three 
identified cognitive load/functions as a psychological demand of the fire emergency 
environment that researchers could incorporate into SETs to improve ecological and content 
validity. Research on the impact of environments with concurrent physical, physiological and 
psychological demands, conducted with other high-reliability occupations have incorporated 
cognitive tasks within their simulations. When included and measured in multifactorial 
simulations of other high-reliability occupations, such as military, pilots, and police, previous 
research has observed adverse changes in cognitive function and overall performance 
(Lieberman et al., 2005; Lieberman et al., 2009; Huttunen et al., 2011; Lewinski et al., 2016; 
Svennson & Wilson, 2002; Stokes & Kite, 2003). Cognitive demands in already demanding 
environments led to poor performance by impairing functions such as working memory, 
information processing, attention, and communication.  
During a fire emergency, firefighters must engage in information processing and 
communication while they continuously move throughout a building and relay information 
back to other crew members. Firefighters also use working memory to recall the location of 
exits, other personnel or individuals in need of rescue. Problem solving and decision making 
is also necessary for dealing with any sudden obstacles encountered while completing job 
tasks. Impairment or failure to accurately engage these functions can lead to severe negative 
consequences. Taken together with the previous simulation research in other high reliability 
occupations, the essentiality of cognitive function during firefighting provides a strong 
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rationale for selecting cognitive tasks as the added psychological demands to be present in the 
SET. 
4.2.2.1 Including Cognitive Tasks 
Research including cognitive tasks/examining cognitive function in relation to 
firefighting is a newly developing area of research, as noted in Chapter Two. Of the studies 
that are available, the common method implemented involved measuring firefighters’ 
cognitive performance before and after a simulated emergency, focusing on pre/post 
comparisons (Greenlee et al., 2014; Robinson, Leach, Owen-Lynch, & Sünram-Lea, 2013; 
Sünram-Lea, Owen-Lynch, Robinson, Jones, & Hu, 2012; Smith et al., 1997; Smith, Manning, 
& Petruzzello, 2001; Zare et al., 2018). Cognitive functions, such as information processing, 
were frequently measured using the Continuous Performance Task (CPT) (Conners et al., 
2000) which measures reaction time and correct response or the Paced Audio Serial Addition 
Task (PASAT) (Gronwall, 1977) which measures correct response only. Previous studies 
reported mixed results with some observing slower reaction times but no differences in 
accuracy (Greenlee et al., 2014), no change in reaction times but a decrease in accuracy 
(Smith, Manning, & Petruzzello, 2001), and faster reaction times with an increase accuracy 
(Hemmajto et al., 2017b). To date, one group has examined more complex cognitive 
performance pre-post a SET (Robinson et al., 2013). Working memory, declarative memory, 
and visual attention performance were measured immediately after and 20 minutes following 
completion of a SET. Results showed impairment in visual declarative memory immediately 
post SET but not 20 minutes post; visual attention appeared unaffected by the SET; and 
working memory, remained similar to baseline immediately post SET, but was significantly 
impaired at 20 minutes. However, participants were adults, with no prior firefighting 
experience, who received a two-day basic training course in firefighting. These are the studies 
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that have investigated cognitive function before and after a SET, there is only a small number 
of studies that have investigated cognitive function during firefighting. 
Despite the small body of literature, the cognitive demands employed within SETs 
have varied, engaging different executive functions. Firefighters had to think aloud while 
completing the SET tasks (Kivimaki & Lusa, 1994), complete a maze in order to find the exit 
and finish the SET (Perroni et al., 2009; Perroni et al., 2010), complete a 20-piece puzzle (von 
Heimburg & Medbo, 2013), and complete a two minute Stroop test ( Marcel-Millet et al., 
2018). These are the first attempts of previous research to include cognitive tasks during a 
SET. However, only two of the tasks appear to be directly relevant to firefighting/fire 
suppression and representative of psychological demands a firefighter encounters during a fire 
emergency; the thinking aloud task (Kivimaki & Lusa, 1994) and the search maze task 
(Perroni et al., 2009; Perroni et al., 2010). 
4.2.2.2 Cognitive Task Selection 
In order to improve the content validity of SETs, the cognitive demands not only need 
to be present, but they also need to be representative of job functions relative to firefighting 
(ecologically valid). Several job tasks would require cognitive functions such as information 
processing, memory recall, and decision making, problem-solving, planning, vigilance and 
concentration. For example, firefighters must make decisions regarding the safety of others 
and themselves, make assessments about the risks of specific actions, and determine the best 
course of action to quickly achieve their goals. Firefighters must also relay information on 
their appraisal of the situation, information and instructions for other firefighters inside or 
outside of the structure. At present there are no known cognitive tasks specifically designed 
to be relevant to firefighting. There are also no cognitive tasks validated for use during a SET 
76 
 
(Greenlee et al., 2014). This led to the selection of cognitive tasks that engaged required 
functions relevant to requisite skills of a firefighter outlined by the NFPA.  
A job performance requisite skill outlined in the NFPA 1001 is “The ability to operate 
fire department communication equipment, relay information, and receive information” from 
within the fire emergency. Several tasks outlined in the standard mention this skill. For 
example, during fire extinguishment, firefighters must communicate attack techniques to the 
attack teams, maintain constant team coordination, communicate ventilation requirements, 
report hazards, and appraise incident command of the changing conditions. Therefore, in order 
to simulate the task of recalling/relaying information by the firefighter within the fire 
emergency, the current study incorporated a simple memory recall task within the set. This 
task would require firefighters to recall stimuli that they encountered as they navigated 
through the structure while completing other tasks.  
Several requisite skills outlined by the NFPA also require problem solving that would 
involve moving equipment, debris, or other materials. For example, during overhaul a 
firefighter must “remove flooring, ceiling, and wall components to expose void spaces or 
hidden fires without compromising structural integrity and preserving the area of fire origin.” 
As well, during ventilation, a firefighter must “remove debris, structural materials or any 
barriers to allow for proper ventilation so that the integrity of the structure is not disrupted in 
a way that could lead to potential collapse of the roof or a backdraft that may cause a flashover 
event.” These tasks, and other tasks, would require quick planning and execution of a plan in 
order to complete the tasks or “solve the problem.” Based on this a problem-solving task that 
involved planning and execution of a plan was selected.  
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Previous research has demonstrated The Tower of London (TOL) task, developed by 
Shallice (1982), to be a tool for assessing visuo-spatial problem solving and planning (Morris 
et al., 1988; Owen, Downes, Sahakian, Polkey, & Robbins, 1990). As a problem-solving task, 
it contains a specific starting and end goal states, that require a set of procedures to transform 
one state into another (Berg & Bryd, 2002). The TOL offers a wide range of planning 
problems varying in difficulty which are suitable for the study of planning and problem 
solving in normal populations (Ward & Allport, 1997). In the task, the participant must move 
the blocks one at a time to transform the starting arrangement into a goal arrangement in the 
minimum number of moves. However, before moving any blocks the participant must plan 
the whole sequence of moves mentally and then execute the planned sequence of moves. 
Measurements recorded during the TOL are planning time (time between seeing the blocks 
and making the first move), average move time (time spent executing the plan), solving of 
problem to meet a particular criterion (e.g. problem solved in the minimum moves possible or 
within a specified time limit), and excess moves (the number of moves in excess of the 
minimum necessary to complete the task). Poor performance on the TOL is usually interpreted 
as an inability to plan and problem solve efficiently and therefore was selected as one of the 
cognitive tasks to be incorporated into the SET.  
4.2.2.3 Modifying the TOL  
In order to increase the relevance of the TOL to firefighting specifically, it was 
necessary to modify the task to also be physically demanding to simulate the act of having to 
physically move material or equipment. This modification would also likely impact level of 
arousal related to a combined physical and psychological challenge (Webb et al., 2008; 2011). 
Shallice’s original TOL task, included moving three differently coloured beads of equal size 
across three pegs (Shallice, 1982). However, this limited the range of the problems possible 
78 
 
and many researchers considered it too simple a challenge for normal participants and 
therefore modifications to the task have occurred throughout research over the years. Ward 
and Allport (1997) stated that this could be overcome by modifying the task by increasing the 
number of beads from three to five or seven. Additional modifications made throughout the 
literature include changing the shape and size of the items to discs or blocks (Ward & Allport, 
1997; Gilhooly, Phillips, Wynn, Logie, & Della Sala, 1999; Berg & Bryd, 2002). Despite 
these modifications, in an extensive review of the TOL Berg and Bryd (2002) reported no 
changes in the ability of the task to measure visuo-spatial problem solving and planning 
because the task continued to require participants to rely on mental representations of the 
essential steps required to solve the problem and mentally simulate their sequence prior to 
physically reconfiguring the items into the goal state. Nevertheless, to our knowledge no other 
study has modified the size of the items of the TOL to the extent that the present study did. 
The current study involved modifying the size of the blocks from small blocks 2.25x2.25x2.25 
inches weighing 125grams into large boxes 12x12x12 inches weighing 10 kilograms each.  
4.2.3 Providing Evidence of the Psychological Demands 
With the addition of the cognitive tasks to a SET, it was then important to ensure that 
the added psychological demands were in fact psychologically demanding. Changes in mood 
and anxiety often occur following exposure to stressors or demands (Lupien & Schramek, 
2006). Negative mood often characterized by increased levels of tension, anger, and fatigue, 
is an indicator of physical and emotional stress. Mood also includes two dimensions, positive 
and negative affect. 
Several studies have documented changes in psychological states following simulated 
military training (Bardwell, Ensign, & Mills 2005; Knapik et al., 1991; Luna, French, & 
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Mitcha, 1997; McDonald, Norton, & Hodgdon, 1990), an occupation similar to firefighting. 
These includes an increase in fatigue and a decrease in vigour in soldiers completing a road 
march (Knapik et al., 1991), an increase in anger and fatigue and a decrease in tension 
following navy special forces training (McDonald et al., 1990), and elevated levels of 
confusion and fatigue in air traffic controllers (Luna et al., 1997). In the studies that 
incorporated cognitive tasks into simulations for military, police, and pilots, in addition to the 
impairments observed in performance, these studies also observed adverse changes in 
psychological outcomes of state anxiety, fatigue, tension, and stress (Stokes & Kite, 2003; 
Svensson & Wilson, 2002). To provide evidence of the psychological demands of a SET, the 
current study examined changes in psychological outcomes following the SET. 
Additionally, previous research has also examined responses to isolated demands 
(physical or psychological or combination of both) in a laboratory setting. Studies examining 
firefighter’s responses to acute psychological demands in the laboratory setting have reported 
increases in heart rates, anxiety, and stress (Barnard & Duncan, 1975; Kourinka & Korhonen, 
1981; Throne, Bartholomew, Craig, & Farrar, 2001). When combined with a concurrent 
physical demand other studies have observed greater perceptions of overall workload and state 
anxiety (Webb et al., 2008; 2011). Based on this, the psychological responses of firefighters 
observed following the SET should be greater than those observed following a physical or 
psychological demand only, such as a VO2-max treadmill test or a laboratory cognitive task. 
Thus, in order to further confirm the novel SET as psychologically demanding, the current 
study examined the psychological responses of firefighters following the SET and compared 
these responses to firefighters’ psychological responses to physical demands and 
psychological demands implemented separately in a laboratory setting.  
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The psychological demands of the SET were also assessed by changes in performance 
on the cognitive tasks during the SET compared to performance within the lab setting. 
Previous research has reported impairments in memory recall following laboratory 
psychological stressors such as the Trier Social Stress Test (TSST) (Jelicic, Geraerts, 
Merckelbach & Guerrieri, 2004; Kuhlmann, Piel, & Wolf, 2005) and physically demanding 
and stressful military simulations (Taverniers, Van Ruvsseveldt, Smeets & von Grumbkow, 
2010; Taverniers, Taylor & Smeets, 2013). For the TOL, previous research has also reported 
impairments in performance following stress, specifically stressed participants needed more 
moves and more time to complete the task than the unstressed participants (Starcke, Wiesen, 
Trotzke, & Brand, 2016). Therefore, worse performance would be expected during the SET, 
the psychologically demanding environment, compared to the laboratory setting, the non-
physically and non-psychologically demanding environment.  
4.2.4 Providing Evidence of the Physical and Physiological Demands 
To ensure the SET was a valid representation of a fire emergency, confirming the SET 
as physically and physiologically demanding was also necessary. In the literature, SETs 
focused on physical and physiological demands of the fire emergency, have increased heart 
rates of firefighters to maximal or near maximal levels (75%-95% of a firefighters HRmax) 
(Al-Zaiti et al., 2015; Bugajska et al., 2007; Davis & Gallagher, 2014; Smith et al., 2015; 
Smith et al., 2016; Elsner & Kolkhorst, 2008; Louhevaara et al., 1993; Lusa et al., 1993; 
Williams-Bell et al., 2010a). Additionally, firefighter PPE and SCBA, components relevant 
to the physical demands of firefighting, have also led to increases in heart rates to 85% to 
100% of firefighters HRmax (Blacker et al., 2016; Boyd et al., 2015; Chiou et al., 2012). Lastly, 
previous studies have reported firefighting tasks to require aerobic capacities ranging from 
56%-80% of VO2-max. Based on these observed changes in these outcomes related to the 
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physical and physiological demands of a fire emergency, the current study examined changes 
in heart rate, the percentage of maximal heart rate reached, and oxygen consumed from the 
SCBA to determine if the SET was physically and physiologically demanding along with 
psychologically demanding. Subjective measures of the SET as physical, physiological and 
psychologically demanding were also of interest. Due to the novelty of the inclusion of 
cognitive tasks within a SET and the specific modifications made to the cognitive tasks to 
increase the relevancy to firefighting, it was important to understand how the firefighters 
perceived the SET and therefore the current study included a participant feedback survey. 
4.2.5 Validation Methods 
Following the examination of the SET as psychologically as well as physically and 
physiologically demanding, the next steps would be to assess the validity and reliability of the 
SET with the added psychological demands. Validity is commonly assessed by investigating 
associations between SET performance outcomes and a variety of laboratory-based tests. 
Implementing SETs to measure firefighter’s performance has become a significant 
interest in research and was the focus of majority of published articles identified in Chapter 
Two. Time to complete and fitness parameters such as VO2-max, heart rate, and oxygen 
consumption were the common outcomes measured to quantify occupational performance 
during the SET (Adams et al., 1986; Pawlak et al., 2015; Petersen et al., 2008; Dennison et 
al., 2012; Eglin & Tipton, 2005; Levels et al., 2014) and  therefore were the obvious choices 
of outcomes to include when quantifying SET performance within the current research 
Within the limited previous validation research, associations between SET 
performance (time to complete) and maximal fitness tests, such as a VO2-max treadmill test 
(Gledhill & Jamnik; Williford et al., 1999; von Heimburg et al., 2013; Stevenson et al., 2019) 
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were commonly examined. These studies support the notion that cardiorespiratory fitness is 
an important determinant of SET performance but do not address other aspects of physical 
fitness such as strength. They also do not address outcomes other than physical fitness or 
physiological responses related to firefighter fitness for duty, such as cognitive performance.  
Nevertheless, time to complete a SET has been previously correlated with variables 
related to fitness and health, such as heart rate and VO2-max (Davis et al., 1982; Gendron et 
al., 2015; Nazari et al., 2018; Siddal et al., 2018; Stevenson et al., 2019; Sothmann et al., 1990, 
von Heimburg et al., 2006), lower body fat percentage (Calavalle et al., 2013; Davis et al., 
1982; Michaelides et al., 2008; Michaelides et al., 2011; Siddal et al., 2018; Williford et al., 
1999), and greater muscular strength and endurance (Davis et al., 1986; Henderson et al., 
2007; Michaelides et al., 2008; Nazari et al., 2018; Rhea et al., 2004; Williford et al., 1999). 
Based on these finding, the current study examined correlations between performance on the 
SET and performance on two maximal fitness tests to validate the SET as representative of 
the physical and physiological demands of a fire emergency. The current study also used 
correlations between performance during the SET and performance during the lab to validate 
the cognitive tasks implemented within the SET. To our knowledge correlating performance 
on cognitive tasks completed within a SET with cognitive tasks completed within a laboratory 
setting has not been previously conducted within the firefighting research. 
4.2.6 Reliability Methods 
Reliability of the SET was also assessed. Reliability is a measure of the consistency of 
a method. Validation and reliability research assess the test-retest reliability of a measure by 
correlating responses or performance on a measure at two time points. The limited SET 
validation research has previously reported high (r > 0.70) test-retest reliability after one-week 
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(Stevenson et al., 2019) and three-weeks (Plat et al., 2010). However, fitness for duty 
evaluation and assessment of firefighters are generally conducted less frequently (Andrews et 
al., 2019). In the research context, exercise interventions of durations extending nine to 16 
weeks (Andrews et al., 2019) have used SETs to measure occupational performance pre/post 
interventions. Therefore, considering how frequently a SET may be implemented in both the 
professional and research contexts, the current study chose to assess test-retest reliability 
between SET attempt one and SET attempt two separated by 12 weeks.  
4.2.7 Summary of the Current Research 
Considering the above methodological approaches, in order to improve the validity of 
SETs, the current research designed and implemented a SET protocol that included 
psychological demands. The current research developed a novel SET to simulate the demands 
of firefighting by selecting components identified in Chapter Three relevant to ecological and 
content validity. This included a single evolution of a series of seven tasks (i.e. stair climb, 
search, rescue, equipment carry, memory recall, crawl, and problem solving), completed as 
fast as possible, while wearing full PPE and SCBA, within an eight-storey training tower. 
Specific focus was given to the addition of psychological demands of the fire emergency 
environment by incorporating cognitive tasks within the SET, which elicit and measure 
cognitive functions relevant to firefighter requisite job skills commonly engaged during a fire 
emergency. The current study embedded two cognitive tasks within the SET; a memory recall 
task and a problem-solving task and measured and compared physiological, psychological, 
and performance outcomes to the isolated physical and psychological demands within a lab 
setting to address the research questions that correspond with the aims of this thesis. 
4.3 Research Questions and Hypotheses 
The present research was designed to address the following research questions: 
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1. Do measures of state anxiety, mood states, and positive and negative affect (psychological) 
indicate the addition of a psychological component, specifically a memory recall task and 
problem-solving task, to a SET to be psychologically demanding? 
H1: It was hypothesized that the novel SET would be psychologically demanding, 
quantified by changes in mood state, positive and negative affect, and state 
anxiety. 
1.1 Compared to cognitive tasks (memory recall and problem-solving task) completed in a 
laboratory setting? (a psychologically demanding, non-physically demanding, non-
firefighting environment). 
1.2 Compared to maximal fitness testing, specifically a VO2 submaximal treadmill test and a 
maximal full body strength test? (a physically demanding, non-psychologically demanding 
and non-firefighting environment). 
H2: It was hypothesized that changes in mood states, positive and negative affect, 
and state anxiety would be greater following the SET compared to the laboratory 
fitness testing and cognitive tasks. 
2. What are the associations between cognitive performance and measures of state anxiety, 
mood state, and positive and negative affect observed during the SET? 
2.1 How do these associations compare to the associations between cognitive performance 




H3: It was hypothesized that associations between mood state, positive and 
negative affect, and state anxiety and cognitive performance during the SET 
would be observed and would differ to the associations observed between mood 
state, positive and negative affect, state anxiety, and laboratory cognitive 
performance and fitness outcomes. 
3. How do measures of firefighter’s cognitive performance during the SET compare to 
cognitive performance in a laboratory setting? 
H4: It was hypothesized that cognitive performance during the SET would be 
lower than performance in the laboratory setting indicating the SET to be more 
psychologically demanding. 
4. Do measures of performance (time to complete) and physiological responses (Heart rate 
and oxygen consumption) indicate the SET to be physically and physiologically demanding? 
H5: It was hypothesized that the SET would be physically and physiologically 
demanding quantified by changes in heart rate and oxygen consumption pre to 
post-SET. 
5. What are the firefighter’s perceptions of the SET that includes psychological demands along 
with physical and physiological demands? 
H6: It was hypothesized that the novel SET would be perceived as physically and 
psychologically demanding by firefighters quantified by results of a task-
assessment following the completion of the SET. 
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6. Does the addition of the psychological component to the SET improve the validity and 
reliability of the SET? 
6.1 What are the associations between firefighter’s SET performance (Heart rate, oxygen 
consumption, and time) and performance outcomes from two maximal fitness tests, 
specifically a VO2 submaximal treadmill test and a full body maximal strength test? (Validity). 
H7: It was hypothesized that associations would be observed between 
performance outcomes on the novel SET and performance on the maximal fitness 
tests indicating test validity. 
6.2 What are the associations between firefighter’s cognitive performance (memory recall 
score, TOL planning time, TOL execution time, TOL total time, and TOL number of moves) 
during the SET and in the lab. 
H8: It was hypothesized that associations would be not be observed between 
cognitive performance during the SET and in the lab. 
6.3 How do measures of firefighter’s performance on a SET including a psychological 
component compare 12 weeks apart? (Reliability) 
H9: It was hypothesized that no significant differences, small non-significant 
effects, and low variability would be observed between outcomes from SET 
attempt one and SET attempt two, indicating test-retest reliability.  
6.4 What are the associations between firefighter’s performance outcomes from SET attempt 
one and SET attempt two 
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H10: It was hypothesized that high (r>0.70) test-retest reliability would be 
observed between outcomes from SET attempt one and SET attempt two. 
4.4 Research Design 
The inclusion of physical, physiological and psychological demands within a SET 
could increase the validity of SETs as representative of the fire emergency environment. The 
present research involved the examination of physiological (HR) and psychological (state 
measures of mood, positive and negative affect, and anxiety) responses, and occupational 
performance (time to complete), physical fitness (predicted VO2-max and maximal 
strength/full-body force), and cognitive performance (memory recall and problem solving). 
Male, career firefighters had their physiological responses (HR) and psychological states 
measured pre/post a SET (firefighting environment) and compared these responses to 
responses taken pre/post cognitive tasks (memory recall and problem solving tasks) and 
maximal fitness testing (VO2-submaximal test and maximal strength) completed in a 
laboratory setting (non-SET environment). Occupational performance (time to complete) and 
cognitive performance (memory recall score and problem-solving efficiency and accuracy) 
on the SET were compared to performance on the cognitive tests and maximal fitness tests 
completed in the lab. All of which was completed in order to examine the addition of a 
psychological component to a SET, in order to improve the overall ecological and content 
validity of SETs implemented for training, evaluating and researching firefighters. There were 
within subjects, repeated measures studies with parts completed in the field and in the 
laboratory. This research also provided correlational data as it investigated associations 
between psychological states and cognitive performance during the SET and in the lab and 





The participants recruited for this study were male career firefighters (n=24), aged 31-
53 years old, working in a local fire station in the South-West of Ireland. Participants 
completed the Medical History Questionnaire that included the Physical Activity Readiness 
Questionnaire (Thomas, Reading & Shephard, 1992). Exclusion from the studies occurred if 
participants presented with any contraindications that would impair participation in vigorous 
exercise unless they presented clearance to participate from their physician. The protocol(s) 
were approved by the University Ethics Committee, and all participants provided written 
informed consent prior to participation. 
4.5.2 Measures 
Data collection occurred across four acute experimental studies. Data collected 
included: (1) anthropometric measures to assess general personal information such as sex, 
age, physical activity background, height, weight, and hip and waist circumference, (2) 
repeated psychological (state measures of anxiety, mood, and positive and negative affect) 
state measures to assesses and compare firefighters’ responses to the SET, maximal fitness 
testing, and cognitive testing in order to provide evidence of the SET as psychologically 
demanding, (3) changes in physiological measures (heart rate and oxygen consumption) to 
determine if the SET was physically and physiologically demanding, (4) SET performance 
outcomes (heart rate, percentage of heart rate maximum reached, and oxygen consumption), 
measures of cardiorespiratory fitness (predicted VO2-max, time to complete, HRmax, and 
%HRmax reached) and full-body maximal strength to assess the validity of the physical and 
physiological demands of the SET, and (5) cognitive performance outcomes consisting of a 
memory recall task (number of correct items recalled) and a problem-solving task (TOL 
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planning time, TOL execution time, TOL total time, and TOL number of moves) collected 
within the firefighting setting (SET) and the laboratory setting to validate the psychological 
demands incorporated into the SET. 
4.5.2.1 Participant characteristics 
Data collected on participants characteristics included basic anthropometric (height, 
weight, hip and waist circumference, BMI) and participant’s sex and age. 
4.5.2.2 Physical Fitness Measures 
4.5.2.2.1 Cardiorespiratory Fitness Testing: Predicted VO2-max 
Cardiorespiratory fitness was assessed using a submaximal treadmill protocol, a 
familiar method of fitness testing recognized by the International Association of Firefighters 
(IAFF) and the International Association of Fire Chiefs (IAFC) under the Fire Service Joint 
Labor Management Wellness Fitness Initiative (WFI) (revised in 2008 and 2013). The WFI 
approved submaximal assessment, known as the Gerkin treadmill protocol is as follows: The 
test began with a three-minute warm up at 4.8kph and 0% gradient. Speed increased to 7.2kph 
(a light jog) after four minutes. Each additional minute that followed alternated between a 
0.5kph increase in speed or a 2% increase in gradient.  
During the test a breathing mask connected to a metabolic cart collected and analysed, 
with 15-second averaging, measurements of ventilation (Ve), oxygen consumption (VO2), and 
carbon dioxide production (VCO2). Participant’s wore Polar Heart Rate Monitors to monitor 
heart rate throughout each minute of the protocol and verbally reported perceived exertion 
(RPE) rated from six to twenty using the Borg scale (Borg, 1962) and perceived pain rated 
zero to ten using the Wong-Baker Pain scale (Wong & Baker, 2001) every minute. Test time 
(TT) to 85% of age-predicted maximal heart rate (220-age) was recorded. However, the test 
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was not terminated when firefighters reached 85% of estimated maximum heart rate, but rather 
terminated when firefighters reached a maximal level of exertion. 
The criteria for terminating the test was the following: voluntary termination by 
participant due to fatigue or any other reason, plateau in VO2, the participant achieved HRmax 
or reported an RPE ≥17. Following termination of the test, researchers assisted the participant 
in removing the mask and participants rested seated for ten minutes. Recording of heart rate 
occurred at two, five, and ten minutes after test termination as part of a recovery period. 
Predicted VO2-max was then calculated for each firefighter using the WFI estimation 
equation (IAFC: WFI Fitness Assessments, Appendix A.). The test time (TT) was inserted 
into the WFI equation, along with body mass index (BMI), to calculate predicted VO2-max. 
Predicted VO2-max (ml/kg/min) = 56.981 + (1.242 x TT) – (0.805 x BMI) 
4.5.2.2.2 Maximal Strength Test: Isometric Mid-thigh Pull 
Maximal strength was quantified as full body force recorded using an Isometric Mid-
Thigh Pull (McMaster, Gill, Cronin, & McGuigan (2014). During the test, participants stood 
with feet shoulder width apart with each foot on a force plate. The participant then gripped a 
barbell like metal bar, aligned at mid-thigh height, and firmly secured to a rack weighed down 
and bolted to the ground. When instructed, the participant pulled against the bar while pushing 
through their legs and into the force plate. The participant performed this action for six 
seconds. The participant completed three, six second warm up trials with two minutes rest in 
between pulling at 50%, 70%, and 90% maximal effort to allow the participant to learn the 
movement. During the final trial the participant pulled at 100% maximal effort. This was the 
trial recorded for analysis. For the final trial, participant’s strapped or taped their hands to the 
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bar using Olympic lifting straps or white athletic tape to eliminate grip strength as a 
contributing factor to the pull. 
4.5.2.3 Cognitive measures (Laboratory) 
4.5.2.3.1 Memory Recall Task 
The memory recall task completed within the laboratory setting was a modified 
version of the memory recall task completed during the SET.  The task required participants 
to recall eight items of stimuli presented on a blueprint of an eight-storey tower with a 1.0 x 
1.0-inch picture of an item on each floor. Each picture included a symbol representative of an 
item that would be present and of importance during a building fire. Examples of stimuli 
included symbols for “emergency exit” and “fire” Stimuli also included information about 
patrons that were in the building. Examples include symbols for “one person,” “two persons,” 
or “three persons”. The participant was asked to recall a total of eight pieces of stimuli. The 
firefighter earned points based on the number of correctly recalled stimuli and scored out of 
eight. Half-points could be earned for partial recall of a piece of stimuli. This test provides 
information on the firefighter’s ability to process and accurately recall visual information 
during an emergency. 
4.5.2.3.2 Problem Solving Task  
The problem-solving task during the laboratory testing was a table-top version of the 
Tower of London task (Ward & Allport, 1997) A Cronbach’s Alpha value 0.79 has been 
reported for the task (Schnirman, Welsh, & Retzlaff, 1998). The Tower of London task 
requires participants to move one set of seven blocks, each a different colour and arranged in 
a randomly selected pattern, to match a pattern of a set of seven blocks presented on a 8.5x11 
inch paper as quickly as possible and in as few moves as possible. Wooden blocks were 
2.25x2.25x2.25 cubic inches and weighed 125 grams each. The researcher explained the 
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instructions for the task and provided movements rules. Movement rules included (1) moving 
one block at a time; (2) only moving blocks from one column to the other two available 
columns (three columns total); no switching of columns of blocks; (3) no picking up and 
flipping over columns to reverse the order of the blocks; (4) no creating additional columns, 
there could only be the three starting columns; and (5) no holding a block in hand or placing 
the block on the table while moving another block. The participant was then allowed to ask 
questions and practice moving the blocks.  
Participants completed the TOL individually after an explanation of the rules. The 
participant received a card with a picture of the goal state (the researcher indicated the number 
of moves required to reach the goal state). Figure 4.1 provides an example of the TOL start 
and goal configuration presented to the participant during the task. A timer began once the 
participant received the picture of the goal state, indicating the beginning of the planning time. 
The participant had a maximum of two minutes to plan their moves. When the participant 
completed their planning and wanted to begin executing the task, they informed the researcher 
who stopped the first timer for planning time and started the second timer for execution time. 
If the participant reached two minutes of planning before indicating that they were ready to 
begin solving the puzzle, the researcher informed the participant that they must begin to solve 
the puzzle. When the first set of blocks matched the pattern displayed on the sheet of paper, 
the researcher stopped the second timer. The researcher also recorded the number of times the 
participant moved the blocks to solve the problem and whether the pattern was correct. The 
problem-solving task produced four outcome scores; total time to complete, planning time, 
execution time, and number of moves. The test scores were evaluated based on efficiency 




Figure 4.1. An example of a start and goal configuration presented to the participant during 
the TOL. 
 
4.5.2.4 Simulated Emergency Task (SET) 
Participants completed the SET on-site at the local firehouse in an eight-storey 
concrete training tower. Participants wore full PPE and SCBA for the duration of the task. 
PPE included coat, pants, hood, bunker boots, gloves, and helmet and weighed approximately 
26 kilograms. A measurement station was set up on the first floor and an investigator and 
safety officer was present in this position throughout the duration of the task. Participants 
completed the SET individually, with each test beginning and ending at the measurement 
station. Once entering the tower at the first floor, firefighters completed a search and rescue 
task which involved ascending the tower to the eighth floor to locate and retrieve a flag and 
return the flag to the bottom of the tower. Participants completed this task twice. After 
returning the flags to the bottom of the tower, firefighters then began an equipment carry task; 
moving three items of equipment (a 40-foot hose, a fire extinguisher, and a door-jam) to 
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randomly designated floors throughout the tower. The firefighter ascended and descended the 
tower a total of five times.  
Throughout the entire task, each time the participant returned to the first floor, the 
investigator would ask the participant to recall an item of stimuli from a randomly selected 
floor as part of a memory recall task. Once participants had ascended/descended the training 
tower a total of five times, they then entered a room on the second floor of the tower, by 
crawling from the threshold of the door to the location of the problem-solving task where an 
additional investigator and safety officer was present. Figure 4.2 provides an example of the 
TOL during the SET. Once the participant completed the problem-solving task, they exited 
the room and returned to the first floor. At this point the SET was officially completed. This 
study did not include live-fire, smoke or heat during the SET as it could be harmful to the 
measuring equipment and experimenters present in the tower. 
 
Figure 4.2. An example of the TOL during the SET (photo). 
4.5.2.4.1 Adding the Psychological Demands 
The SET included two cognitive tasks to be representative of the psychological 
demands of the fire emergency and increase the ecological and content validity of the SET. 
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These included a memory recall task and a problem-solving task. Both tasks elicit cognitive 
functions firefighters engage during fire-suppression activities. For example, firefighters use 
working memory when passing information on from one firefighter to another or to the 
firefighter engaging in incident command outside the structure and engage in problem-solving 
during search and rescue or locating and extinguishing the source of a fire. 
4.5.2.4.1.1 Memory Recall Task 
Participants completed the memory recall task as they moved throughout the SET 
which required participants to recall an item of stimuli that was randomly placed on each floor 
of the tower. The SET included stimuli as 8.5x11 inch signs placed at eye level on the wall 
that the firefighter was facing as they ascended/descended onto each floor. Each sign included 
a word or picture of an item that would be present and of importance during a building fire. 
Examples include “emergency exit” and “flammable liquid” Signs also included information 
about patrons that were in the building. Examples include “one woman” or “one man, one 
child”. The researcher asked the participant to recall a total of five pieces of stimuli. The 
researcher scored the task, a total of five points, based on the firefighter’s ability to correctly 
recall the stimuli. Participants earned half-points for partial recall of a piece of stimuli. This 
test provides information on the firefighter’s ability to accurately process and recall 
information during an emergency. 
4.5.2.4.1.2 Problem Solving Task 
The SET included a modified version of the Tower of London task as the problem-
solving task. The Tower of London task required participants to move one set of seven boxes, 
each a different colour and arranged in a randomly selected pattern, to match a second set of 
seven boxes as quickly as possible and in as few moves as possible. The Tower of London 
task is typically completed using small blocks on a tabletop. Modifications made to the task 
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included using boxes that were larger (12x12x12 cubic inches) and heavier (ten kilograms). 
The aim of modifying the task was to increase ecological validity and relevance to firefighting 
where a firefighter may have to physically solve a problem by moving debris, items, or 
equipment as quickly and efficiently as possible. 
Upon entering the room on the second floor of the training tower, the firefighter 
received the instructions for the task. The following movement rules were included in the 
instructions. Participants could only (1) move one box at a time; (2) only moving boxes from 
one stack to the other two available stacks (3 stacks total); no switching of stacks of boxes; 
(3) no picking up stacks and flipping the stack over to reverse the order of the boxes; (4) no 
creating additional stacks, keeping only the three starting stacks; and (5) no holding or placing 
a box to the side while another box was being moved. When the participants notified the 
researcher that they were ready to begin, the first timer began for planning time. The 
participant then had a maximum of two minutes to plan their moves. When the firefighter 
completed planning and wanted to begin executing the task, they informed the researcher who 
stopped the first timer for planning time and started the second timer for execution time. When 
the firefighter had successfully matched the first set of boxes to the second set of boxes the 
researcher stopped the second timer and recorded the number of times the firefighter moved 
the boxes. The problem-solving task produced four outcome scores; total time to complete, 
planning time, execution time, and number of moves. The task scores were evaluated based 
on efficiency (how fast) and effectiveness (how many moves). 
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4.5.2.5 Repeated Psychological Measures 
4.5.2.5.1 Profile of Mood States-Brief 
Mood states were obtained using the Profile of Mood States- Brief Form (McNair, 
Lorr, & Droppleman, 1971). The 30-item POMS-B measured the intensity of five negative 
mood states (tension, depression, anger, fatigue, and confusion) and one positive mood state 
(vigour). The six subscales are used to calculate a sum score to represent total mood 
disturbance by subtracting the total for vigour items from the total for the negative mood states 
items, with higher scores indicating greater mood disturbance (range of 20-100). An internal 
consistency of 0.76 to 0.95 has been reported with healthy adults (Curran, Andrykowski, & 
Studts, 1995) 
4.5.2.5.2 Positive and Negative Affect Scale 
Positive and Negative Affect Schedule (Watson, Clark, & Tellegen, 1988) measured 
the extent to which participants experience specific positive or negative emotions. The 
PANAS consists of two 10-items scales to measure both positive and negative affect. 
Participants rated “the extent to which they feel this way AT THE PRESENT MOMENT” for 
each item on a five-point Likert scale ranged from “very slightly or not at all” to “extremely.” 
The positive items included “interested” and “inspired” and negative items included 
“distressed” and “scared.” A score is then calculated for positive affect and negative affect. 
Scores can range from 10 to 50 for both positive and negative affect with the lower scores 
indicating lower levels of positive and negative affect and higher scores indicating higher 
levels of positive or negative affect. A Cronbach’s Alpha value of 0.88 has been reported for 
the positive affect items and 0.87 for the negative affect items (Watson et al., 1988). 
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4.5.2.5.3 State Anxiety Inventory 
The State Anxiety Inventory (STAI-Y1) (Spielberger, Gorsuch, Lushene, Vagg, & 
Jacobs, 1983) assessed symptoms of anxiety that the participant was experiencing “at the 
present moment.” Firefighters rated 20 items on a four-point Likert scale ranging from “not 
at all” to “very much so.” Items included “I feel calm” and “I feel indecisive.” A score of 50 
or higher (range 20-80) indicated high anxiety symptoms (Spielberger et al., 1983). Internal 
consistency coefficients for the scale have ranged from 0.86 to 0.95; test-retest reliability 
coefficients have ranged from 0.65 to 0.75 (Spielberger et al., 1983). 
4.5.2.6 Repeated Physiological Measures 
4.5.2.6.1 Heart Rate 
A Polar (FT60) wireless heart rate monitor, including a strap fixed on the centre of the 
chest and a wristwatch, worn by the participants measured heart rate continuously throughout 
the SET and VO2-submaximal treadmill test. An investigator, using the heart rate receiver, 
recorded heart rate before the task and directly following. A dinamap measured heart rate and 
blood pressure during the laboratory cognitive tasks, however, blood pressure is not reported 
in this study. 
4.5.2.6.2 Oxygen Consumption 
Oxygen consumption was recorded during the SET and obtained using the SCBA worn 
by each firefighter. The amount of oxygen consumed was calculated by subtracting oxygen 
available within the oxygen cylinder (bars) at the end of the task from oxygen available at the 
beginning of the task. Oxygen cylinders contain between 280-300 bars when full. Each 
firefighter started with a full oxygen cylinder. 
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4.5.2.7 Participant Feedback Measures 
4.5.2.7.1 SET Feedback Survey 
The participants completed a feedback survey to assess the degree to which they 
perceived the SET to be difficult, stressful, and physically demanding. Firefighters rated the 
SET on a five-point Likert scale (1=very slightly or not at all; 2= A little; 3= Moderately; 4= 
Quite a bit; 5= Extremely). Participants were also asked to select which parts of the SET they 
find to be difficult, stressful, and physically demanding. These included the “tower run”, 
“moving equipment”, “the questions asked by the researcher” (memory task), “the puzzle” 
(problem solving task), or “none of the above”.  
4.6 Procedures 
4.6.1 Study One: Fitness Testing 
After arriving at the laboratory for the fitness testing, participants provided written 
informed consent and were notified of their right to discontinue the study at any time. Next, 
anthropometrics and participant characteristics such as height, weight, hip and waist 
circumference, sex, and age were recorded. Participants completed baseline psychometrics 
measuring mood state, positive and negative affect, and state anxiety. Participants then 
completed the two maximal fitness tests as described earlier in this chapter; a maximal full-
body strength test (i.e. isometric mid-thigh pull) and a submaximal treadmill test used to 
calculate predicted VO2-max. The order of the tests was counter balanced. The maximal 
strength test lasted approximately 10-minutes followed by 10-minutes rest. The submaximal 
treadmill test lasted various durations but did not exceed 20 minutes, followed by a 10-minute 
recovery period. Following completion of the maximal fitness tests and the recovery period, 
participants completed questionnaires measuring mood state, positive and negative affect, and 
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state anxiety a second time. Polar heart rate monitors (wristwatch and chest strap) monitored 
heart rate throughout testing.  
4.6.2 Study Two: SET Testing 
Upon arriving on-site at the fire station for SET testing, researchers informed 
participants about the procedures and the supervising instructor and safety officer briefed on 
safety procedures. Participants were then weighed-in, situated with heart rate monitors (across 
the chest and wristwatch) and asked to complete three psychometrics. Firefighters then 
donned their department issued PPE and SCBA and weighed-in again. PPE included coat, 
pants, hood, bunker boots, gloves, and helmet and weighed approximately 26 kilograms. The 
safety officer checked to ensure PPE and SCBA met NFPA 1981 and NFPA 1975 standards 
and manufacturers specifications. Participants then waited 10-15 minutes before they began 
the SET. Participants were then escorted to the training tower to complete the SET where the 
researcher recorded heart rate and oxygen levels prior to beginning. Firefighters completed 
the SET moving as quickly as possible. Immediately upon finishing the SET, the researcher 
recorded time to complete the SET, heart rate, and oxygen levels within the oxygen cylinder. 
Participants were then led to a room where they could remove PPE and sit quietly for 40 
minutes. During this time, participants completed the psychometric inventories a second time. 
4.6.3 Study Three: Cognitive Testing (Laboratory) 
After completing informed consent, participants completed a 10-minute period of rest 
and completed psychometrics for mood states, positive and negative affect, and state anxiety. 
Following this, participants then completed the two cognitive tasks with a 6-minute recovery 
period between where participants completed the psychometrics again. Order of completion 
of the tasks was randomly assigned and counter balanced. After completing both cognitive 
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tasks, participants completed a 6-minute recovery period and completed psychometrics a final 
time. The researcher recorded the participants heart rate every two minutes. 
4.6.4 Study Four: SET Testing Reliability Testing 
At twelve weeks later, a sub-sample of 12 male participants completed a second 
attempt of the SET to examine test-retest reliability. Participants completed the SET attempt 
at the same location and at approximately the same time of day using the same equipment and 
pre-test conditions and procedures.  
4.7 Data Analysis and Interpretation 
Statistical analysis was undertaken using IBM-SPSS version 24 (IBM, New York, 
USA). Descriptive statistics were calculated for each of the participant characteristic variables 
and reported as mean ± standard deviation. Shapiro-Wilk’s tests were conducted to assess for 
normality of data distribution for all data. The analyses were conducted to address the aims of 
the research.  
In order to provide evidence of the psychological demands of the novel SET. Paired t-
tests were conducted for each of the psychological outcomes collected pre/post the SET, the 
maximal fitness tests, and the cognitive tasks completed in the lab. Hedges’ d effect sizes and 
associated 95% confidence intervals (95% CI) were also calculated to quantify the magnitude 
of change in each psychological outcome following the SET, fitness testing, and cognitive 
testing. For each outcome, the change in score from pre to post testing was divided by the 
pooled standard deviation (Hedges & Olkin, 1985). This calculation yields Hedges’ g effect 
sizes which were then adjusted for small sample bias which yields Hedges’ d. Effect sizes 
were calculated such that a decrease in the outcome resulted in a positive effect size. 
Associated 95% CIs were examined to determine statistical significance. To determine 
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differences in the psychological demands of the SET vs. the lab, paired t-tests and Hedges’ d 
effect size calculations were also conducted for the outcomes of cognitive performance 
collected during the SET and in the lab. In order to provide evidence of the physical and 
physiological demands of the SET, paired t-tests and effect sizes were conducted for heart rate 
and oxygen consumption pre/post SET attempt one. Pearson’s correlation coefficients 
determined the associations between the psychological outcomes and performance on the 
cognitive tasks completed during the SET and in the lab and fitness testing. A significance 
level of p < 0.05 was adopted for all statistical analyses. Frequency analyses were also 
performed for each of items of the feedback survey to evaluate firefighters’ perceptions of the 
SET.  
The validity of the novel SET was assessed using Pearson’s correlation coefficients to 
determine the associations between (1) the SET performance time, SET HRmax, oxygen 
consumption, predicted VO2-max, full-body force/strength (relative and absolute); and (2) 
outcomes of cognitive performance collected during the SET and in the lab. To assess the 
reliability of the SET, test-retest reliability data were examined using Pearson’s correlation 
coefficients between SET attempt one and attempt two. Paired t-tests were used to examine 
differences in outcome means between attempt one and two. Hedges’ d effect sizes and 
associated 95% confidence intervals were calculated to quantify the magnitude of change in 
each variable from attempt one to attempt two. For each measure, effect sizes were calculated 
such that a decrease in the outcome resulted in a positive effect size. Significant effects 
indicate differences between attempts. The variability between attempts was assessed using 
coefficient of variation (CV), such that the lower the CV the more precise the estimate. 
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4.8 Summary of Methods 
As part of the current investigation, firefighters participated in four experimental 
studies that involved completing a submaximal treadmill test and a maximal strength test 
(Study One); completing a SET that included psychological demands (Study Two); two 
cognitive tasks in the lab, a memory recall task and a problem-solving task (Study Three); and 
a second attempt of the SET completed 12 weeks later (Study Four). Three psychometric 
inventories capturing state anxiety, mood states, and positive and negative affect were 
administered before and after completing each experimental condition and heart rate was 
measured throughout. Cognitive performance was measured during the SET (Study Two and 
Four) and in the laboratory during Study Three.  
These findings will: (1) provide evidence to support the inclusion of psychological 
demands within SETs in order to improve the overall validity of SETs implemented for 
training, assessment and research purposes; (2) validate a novel SET that includes 
psychological demands along with physical and physiological demands; and, (3) along with 
the findings from Chapter Two and Chapter Three be applied to develop a SOP for 
implementing ecologically valid and more robust SETs. The data presented herein provide a 
starting point for further examination and validation of the inclusion of the psychological 

























Following on from Chapter Four, the current Chapter presents the results of the data 
analyses. Data collected during the present research were analysed in two parts. Part one 
sought to address aim four and objective four of this thesis. In part one, analyses were 
conducted to provide evidence of the psychological, as well as the physical and physiological 
demands of the SET. Firefighters’ psychological responses (state measures of anxiety, mood, 
and positive and negative affect) were examined pre/post completing the SET. These 
responses were then compared to psychological responses observed pre/post maximal fitness 
testing (physical demands only) and cognitive testing (psychological demands only) 
completed within the lab, a non-firefighting setting. The physical and physiological demands 
of the SET were also examined via changes in heart rate, %HRmax achieved and oxygen 
consumed.  
Further analyses were completed to investigate associations between changes in 
psychological state outcomes and cognitive performance outcomes and how this association 
changed based on the environment (lab vs SET). Associations were examined between 
cognitive performance (memory recall score, TOL planning time, TOL execution time, and 
TOL number of moves to solve) and psychological state measures of anxiety, mood, and 
positive and negative affect, collected during the SET and compared to cognitive performance 
and psychological state outcomes collected when the cognitive tasks were completed in the 
lab. Lastly, participants perceptions of the SET as physically, physiologically, and 
psychologically demanding were examined via a participant feedback survey.  
Part two focused on aim five and objectives five and six. Part two of the analyses 
aimed to evaluate the validity and reliability of the SET. Establishing validity would provide 
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evidence of the SET as representative of the firefighting emergency environment including 
the physical, physiological and psychological demands of firefighting. Validity was assessed 
by comparing firefighter’s performance during the SET to performance on two maximal 
fitness tests (physical and physiological demands) and two cognitive tests (psychological 
demands) completed in a laboratory setting (non-firefighting environment). Reliability was 
also assessed by comparing SET performance during attempt one and attempt two (12 weeks 
later). 
These data are reviewed in order, beginning with descriptive data about the 
participants followed by the main results. The main results section is presented first by aim 
and then by hypotheses. The results presented here are then discussed in Chapter Six. These 
findings, along with the findings from Chapter Two and Three are then reviewed and 
discussed as a whole body of work in Chapter Seven. The overall findings of this thesis were 
then applied to the development of a SOP for implementing SETs for the purpose of evaluating 
and researching firefighters within the fire emergency environment, which is presented in 
Chapter Eight.  
5.2 Results 
5.2.1 Participants 
Participants were twenty-four male career firefighters, aged 31-53 years (42.7± 7.3), 
working in a local fire station in the South-West of Ireland. All participants were free from 
health contraindications that would exclude them from participating in vigorous physical 
activity. The mean and standard deviation of firefighter physical and performance 
characteristics are presented in Table 5.1. Twenty-nine participants were recruited of which 
24 successfully completed studies 1-4. Attrition occurred due to retirement (n=3) and 
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scheduling conflicts (n=2). Mean time to complete the SET was 552.08 ± 89.34 seconds. 
Times to complete ranged from 392.00 to 709.00 seconds. Data describing the physical 
characteristics of participants used in the reliability analysis for the SET and cognitive testing 
in the laboratory are described in Table 5.2-5.3. There were no significant differences in 
participant characteristics between SET attempt one and two or between SET attempt one and 
the fitness and cognitive testing in the laboratory.  
Table 5.1. Participant characteristics for Study One and Two (n=24) 
 Mean ± SD Min Max 
Age (y) 42.7 ± 7.3 31 53 
Mass (kg) 90.9 ± 13.9 69.4 130.1 
Height (cm) 178.0 ± 8.3 161.2 192.5 
Hip circ. (cm) 95.4 ± 6.6 84.8 107.0 
Waist circ. (cm) 93.8 ± 9.5 78.7 119.5 
BMI (kg.m-2) 28.1 ± 4.1 19.7 38.1 
VO2-Max (ml.kg-1.min-1) 43.0 ± 8.3 29.6 56.1 
Relative Strength (n/kg) 31.5 ± 4.8 23.0 45.2 
 
Table 5.2. Participant characteristics for reliability testing (Study Four) (n=12) 
 Mean ± SD Min Max 
Age (y) 42.7 ± 7.3 31 53 
Mass (kg) 91.8 ± 18.4 69.1 130 
Hip circ (cm) 95.7 ± 10.5 78.7 120.7 
Waist (cm) 93.5 ± 11.6 75.7 118.7 
BMI (kg.m-2) 28.8 ± 5.1 19.3 38.3 
SET time (s) 537.1 ± 82.6 416 707 
Weight in PPE (kg) 117.5 ± 18.6 94.4 156.4 
PPE weight (kg) 25.8 ± 0.5 24.9 26.6 
 
Table 5.3. Participant characteristics for the cognitive testing (Study Three) (n=24). 
 Mean ± SD Min Max 
Age (y) 42.5 ± 5.7 34 53 
Mass (kg) 95.6 ± 14.9 75.0 140.4 
Height (cm) 181.5 ± 7.2 161.0 198.0 




5.2.2 Part One: Evaluating the Psychological Demands of the SET 
The aim of part one of the analyses was to examine and confirm the psychological 
demands of the novel SET as well as the physical and physiological demands.  
5.2.2.1 Hypothesis One 
H1: It was hypothesized that the novel SET would be psychologically demanding, 
quantified by changes in mood states, positive and negative affect, and state anxiety 
In support of hypothesis one, changes in mood states, positive and negative affect and 
state anxiety were observed following the SET (Study Two). Paired T-tests revealed a 
statistically significant increase in only negative affect (t(21)=2.453, p=0.023). Table 5.4 
provides means and the results of the paired t-test for outcomes of mood state, positive and 
negative affect and state anxiety. Effect sizes indicate that the SET had a significant moderate 
negative effect (increase of) on negative affect (d= -0.62, 95% CI: [-0.1.25, -0.05]). Although 
statistically non-significant, the SET resulted in small positive effects (decrease of) on 
depression (d=0.39, [-0.18, 1.00]), vigour (d=0.31, [-0.26, 0.90]), anger (d=0.28, [-0.29, 
0.88]), and positive affect (d=0.10, [-0.47, 0.69]), and small negative effects (increase of) on 
fatigue (d= -0.11, [-0.70, 0.46]), confusion (d= -0.13, [-0.72, 0.44]), tension (d= -0.22, [-0.81, 





Table 5.4 Means and paired t-tests of firefighters’ mood states, positive and negative affect, 
and state anxiety pre/post the SET. 
 Mean Pre Mean Post Paired t-test 
Positive Affect  37.2 ± 6.6 36.4 ± 8.4 t(23) = -0.91 p = 0.375 
Negative Affect 10.4 ± 0.7 11.1 ± 1.3 t(21) = 2.453 p = 0.023* 
Tension  0.6 ± 1.1 0.8 ± 1.2 t(23) = 1.00 p = 0.328 
Depression  0.4 ± 1.2 0.1 ± 0.3 t(23) = -1.36 p = 0.188 
Anger  0.4 ± 0.9 0.2 ± 0.5 t(23) = -0.96 p = 0.347 
Fatigue  2.9 ± 3.8 3.3 ± 3.4 t(23) = 0.50 p = 0.618 
Confusion  2.2 ± 1.2 2.4 ± 1.7 t(23) = -0.72 p = 0.478 
Vigour  11.5 ± 3.8 9.9 ± 5.9 t(23) = -1.43 p = 0.167 
Total Mood  -4.8 ± 8.5 -3.1 ± 9.5 t(23) = 1.05 p = 0.314 
State Anxiety  25.7 ± 4.1 27.1 ± 6.0 t(23) = 1.638 p = 0.132 
*p < 0.05 
5.2.2.2 Hypothesis Two 
H2: It was hypothesized that effects on and changes in mood states, positive and negative 
affect, and state anxiety would be greater following the SET compared to the laboratory 
fitness testing and cognitive tasks. 
Tables 5.5-5.6 provide means, paired t-test results for mood states, positive and 
negative affect and state anxiety for maximal fitness testing (Study One), and cognitive task 
(Study Three) in the lab. For the maximal fitness tests, paired t-tests revealed a statistically 
significant decrease in tension (t(23)=3.16, p=0.004), anger (t(23)=2.40, p=0.025), and 
confusion (t(23)=3.00, p=0.006). Effect sizes indicate moderate-to-large significant positive 
effects (decrease in) tension (d=0.66, [0.09, 1.29]) and anger (d=2.40, [1.74, 3.28]). Although 
statistically non-significant the maximal fitness tests resulted in small-to-moderate positive 
effects (decrease in) on negative affect (d=0.30, [-0.27, 0.90]), depression (d=0.44, [-0.13, 
1.05]), confusion (d=0.48, [-0.09, 1.09]), total mood disturbance (d=0.21, [-0.36, 0.81]) and 
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state anxiety (d=0.19, [-0.38, 0.78]) and small negative effects (increase in) on positive affect 
(d= -0.28, [-0.87, 0.29]) and fatigue (d= -0.26, [-0.86, 0.31]). There was no effect on vigour 
(d=0.01, [-0.57, 0.59]). 
Table 5.5. Means and paired t-tests of firefighters’ mood states, positive and negative affect, 
and state anxiety pre/post maximal fitness testing. 
 Mean Pre Mean Post Paired t-test 
Positive Affect  35.5 ± 7.4 37.6 ± 8.0 t(23) = 1.805 p = 0.084 
Negative Affect 10.7 ± 1.0 10.4 ± 0.9 t(23) = -1.127 p = 0.271 
Tension  1.1 ± 1.1 0.5 ± 0.7 t(23) = -3.158 p = 0.004* 
Depression  0.2 ± 0.7 0.01 ± 0.0 t(23) = -1.551 p = 0.135 
Anger  0.5 ± 0.2 0.04 ± 0.2 t(23) = -2.398 p = 0.025* 
Fatigue  2.4 ± 2.5 3.1 ± 2.8 t(23) = 1.320 p = 0.200 
Confusion  2.4 ± 1.6 1.8 ± 1.1 t(23) = -2.996 p = 0.006* 
Vigour  11.5 ± 3.6 11.4 ± 4.3 t(23) =0.084 p = 0.934 
Total Mood  -4.6 ± 7.8 -6.3 ± 7.2 t(23) = -1.491 p = 0.150 
State Anxiety  27.0 ± 5.9 26.0 ± 4.2 t(23) = -1.208 p = 0.239 
*p < 0.05 
For the laboratory cognitive tasks, paired t-tests revealed a statistically significant 
increase in positive affect (t(23)=2.27, p=0.033), and a statistically significant decrease in 
negative affect (t(23)=3.15, p=0.004), fatigue (t(23)=4.58, p <0.001), confusion (t(23)=2.11, 
p=0.046), and total mood disturbance (t(23)=4.06, p < 0.001). Effect sizes indicate moderate 
significant positive effects (decrease in) negative affect (d=0.62, [0.05, 1.25]) and confusion 
(d=0.57, [0.01, 1.20]). Although statistically non-significant cognitive tasks resulted in 
positive effects on tension (d=0.13, [-0.44, 0.72]), depression (d=0.21, [-0.36, 0.81]), anger 
(d=0.32, [-0.25, 0.92]), fatigue (d=0.39, [-0.18, 0.99]), total mood disturbance (d=0.46, [-0.11, 
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1.07]) and state anxiety (d=0.32, [-0.24, 0.93]), and negative effects on positive affect (d= -
0.45, [-1.06, 0.12]) and vigour (d= -0.29, [-0.89, 0.28]). 
The effect sizes indicate differences in effects between the SET, maximal fitness 
testing, and cognitive tasks. The SET resulted in increases in negative affect, tension, 
confusion, total mood disturbance and state anxiety while the maximal fitness tests and 
cognitive tasks resulted in decreases in these outcomes. Although not all the observed changes 
were statistically significant, the effect sizes still provide insight on the direction and 
magnitude of the effects of each of the experimental conditions. Both the SET and maximal 
fitness testing resulted in an increase in fatigue. All three experimental conditions resulted in 
positive effects (decrease) on depression and anger. Hedges’ d effects sizes for change in 
psychological outcomes from the SET, maximal fitness tests, and cognitive tasks are presented 
in Table 5.7. 
Table 5.6. Means and paired t-tests of firefighters’ mood states, positive and negative affect, 
and state anxiety pre/post cognitive testing. 
 Mean Pre Mean Post Paired t-test 
Positive Affect  30.6 ± 4.86 32.9 ± 4.9 t(23) = 2.270 p = 0.033* 
Negative Affect 12.1 ± 1.74 11.1 ± 1.2 t(23) = -3.154 p = 0.004* 
Tension  1.5 ± 1.56 1.3 ± 1.6 t(23) = -0.816 p = 0.423 
Depression  0.9 ± 1.84 0.6 ± 1.3 t(23) = -1.621 p = 0.119 
Anger  1.1 ± 2.00 0.6 ± 0.9 t(23) = -1.348 p = 0.191 
Fatigue  5.5 ± 4.22 3.9 ± 4.0 t(23) = -4.576 p < 0.001* 
Confusion  4.4 ± 2.53 3.0 ± 2.2 t(23) = -2.105 p = 0.046 
Vigour  7.0 ± 3.65 8.2 ± 3.9 t(23) = 2.012 p = 0.056 
Total Mood  5.9 ± 10.62 0.9 ± 10.5 t(23) = -4.059 p < 0.001* 
State Anxiety  32.6 ± 7.36 30.3 ± 6.5 t(23) = -2.104 p = 0.047 
*p < 0.05 
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Table 5.7 Hedges’ d effect sizes for change in psychological outcomes from the SET, maximal 
fitness testing and cognitive testing. 
 SET Maximal 
Fitness Testing 
Cognitive Tasks 
Positive Affect 0.10 [-0.47, 0.69] -0.28 [-0.87, 0.29] -0.45 [-1.06, 0.12] 
Negative Affect -0.62 [-0.1.25,-0.05] 0.30 [-0.27, 0.90] 0.62 [0.05, 1.25] 
Tension -0.22 [-0.81, 0.35] 0.66 [0.09, 1.29] 0.13 [-0.44, 0.72] 
Depression 0.39 [-0.18, 1.00] 0.44 [-0.13, 1.05] 0.21 [-0.36, 0.81] 
Anger 0.28 [-0.29, 0.88] 2.40 [1.74, 3.28] 0.32 [-0.25, 0.92] 
Fatigue -0.11 [-0.70, 0.46] -0.26 [-0.86, 0.31] 0.39 [-0.18, 0.99] 
Confusion -0.13 [-0.72, 0.44] 0.48 [-0.09, 1.09] 0.57 [0.01, 1.20] 
Vigour 0.31 [-0.26, 0.90] 0.01 [-0.57, 0.59] -0.29 [-0.89, 0.28] 
Total Mood -0.20 [-0.79, 0.38] 0.21 [-0.36, 0.81] 0.46 [-0.11, 1.07] 
State Anxiety -0.28 [-0.88, 0.29] 0.19 [-0.38, 0.78] 0.32 [-0.24, 0.93] 
 
5.2.2.3 Hypothesis Three 
H3: It was hypothesized that associations between mood state, positive and 
negative affect, and state anxiety and cognitive performance during the SET would be 
observed and would differ to the associations observed between mood state, positive and 
negative affect, state anxiety, and laboratory cognitive performance and fitness 
outcomes. 
Pearson correlations were conducted to examine associations between psychological 
outcomes and cognitive performance during the SET. Preliminary analyses showed the 
associations to be linear with all variables normally distributed, as assessed by Shapiro-Wilk’s 
test, and there were no outliers. During the SET a positive significant association was observed 
between memory recall during and positive affect (r=0.387, p=0.042), while significant 
negative associations were observed between memory recall score and depression (r= -0.534, 
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p=0.009), total mood disturbance (r= -0.345, p=0.048). No statistically significant 
associations were observed between TOL planning time, TOL, execution time, TOL total 
time, or TOL number of moves and psychological outcomes following the SET. 
Supplementary Table 5.1 presents the results of the correlational analyses for the 
psychological outcomes and cognitive performance during the SET. 
Pearson correlations were conducted to examine associations between psychological 
outcomes and performance during the fitness testing. Preliminary analyses showed the 
associations to be linear with all variables normally distributed, as assessed by Shapiro-Wilk’s 
test, and there were no outliers. For the maximal fitness testing, a significant negative 
association was observed between predicted VO2-max and confusion (r= -0.415, p=0.044). No 
associations were observed between psychological outcomes and HRmax, and strength 
(relative or absolute). Supplementary Table 5.2 presents the correlations for the psychological 
outcomes and fitness testing outcomes.  
Pearson correlations were conducted to examine associations between psychological 
outcomes and cognitive performance in the lab. Preliminary analyses showed the associations 
to be linear with all variables normally distributed, as assessed by Shapiro-Wilk’s test, and 
there were no outliers. For the cognitive testing in the lab, a significant positive association 
was observed between negative affect and TOL plan time (r= 0.411, p=0.046). No 
associations were observed between cognitive memory recall, TOL execution time, TOL total 
time, and TOL number of moves and the psychological outcomes. Supplementary Table 5.3 
presents the correlations for the psychological outcomes and cognitive performance outcomes 
in the lab. 
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5.2.2.4 Hypothesis Four 
H4: It was hypothesized that cognitive performance during the SET would be lower than 
performance in the laboratory setting indicating the SET to be more psychologically 
demanding. 
Following comparison of the cognitive tasks completed during SET attempt one 
(Study Two) and within the laboratory setting (Study Three), it was observed that participants 
on average performed better on memory recall and problem-solving in the laboratory setting. 
Table 5.8 provides means, paired t-tests and effect sizes for cognitive performance outcomes 
from the SET and the lab. Participants recalled a higher percentage of stimuli in the lab 
(72.92%) compared to the during the SET (39.17%) and completed the problem-solving tasks 
faster in the lab (64.38 ± 27.79 seconds) compared to during the SET (83.53 ± 22.00 seconds) 
with fewer number of moves to complete the task (~8 vs 10). Paired t-test revealed significant 
differences between SET and lab attempts for memory recall score (t(23)= 5.40, p < 0.001), 
problem-solving execution time (t(23)=3.28, p=0.003), total time (t(23)=2.87, p=0.009), and 
number of moves (t(23)=2.22, p=0.04). Hedges’ d effect sizes indicate the SET resulted in a 
significant large positive effect (decrease in) on memory recall score (d=2.92, 95% CI: [2.21, 
3.91]) and significant moderate-to-large negative effect (increase in) on TOL execution time 
(d= -0.97, [-1.64, -0.40], TOL total time (d= -0.75, [-1.39, -0.19], and TOL number of moves 
(d= -0.64, [-1.27, -0.07] . A small non-statistically significant negative effect was observed on 




Table 5.8. Means, paired t-tests, and Hedges’ d effect sizes for cognitive performance 
outcomes from the SET and the lab. 
 In Lab During 
SET 
Paired t-test p Hedges’ d 
Memory Recall Score 5.8 ± 1.4 1.9 ± 1.2 t(23) = -9.839 <0.001* 2.92  
[2.21, 3.91] 
Memory Recall Score (%) 72.9 ± 17.9 39.2 ± 23.2 t(23) = -5.394 <0.001* 1.60  
[1.00, 2.35] 
TOL Planning Time (s) 38.9 ± 27.3 42.8 ± 17.8 t(23) = 0.757 0.457 -0.17  
[-0.76, 0.41] 
TOL Execution Time (s) 25.6 ± 17.3 40.8 ± 13.1 t(23) = 3.284 0.003* -0.97  
[-1.64, -0.40] 
TOL Total Time (s) 64.4 ± 27.8 83.5 ± 22.0 t(23) = 2.869 0.009* -0.75  
[-1.39, -0.19] 
TOL Number of Moves 8.1 ± 2.6 10.1 ± 3.4 t(23) = 2.216 0.037* -0.64  
[-1.27, -0.07] 
*p < 0.05 
5.2.2.5 Hypothesis Five 
H5: It was hypothesized that the SET would be physically and physiologically 
demanding quantified by changes in heart rate and oxygen consumption pre to post-
SET. 
In support of hypothesis five, increases in heart rate and decreases in oxygen supply 
(oxygen consumption) were observed following the SET. Paired t-tests revealed a significant 
increase between mean heart rate pre (86.67±16.18 bpm) and post-SET (149.92±16.40 bpm) 
measurements (t(23)=-15.99, p < 0.001). Heart rates ranged from 70% to 100% of age 
predicted HRmax (220-age). Mean %HRmax was 85.68 ± 9.25%. Oxygen supply significantly 
decreased (t(23)=-28.53, p < 0.001) between pre (283.54± 6.83 bars) and post-SET (164.79 ± 
20.93 bars) measurements. An average of 118.75±20.39 bars of oxygen, the equivalent of 
712.5 ± 122.34 litres of oxygen, were consumed. Effect sizes indicate the SET resulted in a 
significant large negative effect on heart rate (d= -3.82, [-4.99, -2.99]) and a significant large 
positive effect on oxygen supply (d=7.50, [6.14, 9.53]). 
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5.2.2.6. Hypothesis Six 
H6: It was hypothesized that the novel SET would be perceived as physically and 
psychologically demanding by firefighters quantified by results of a task-assessment 
following the completion of the SET. 
In support of hypothesis six, participant feedback rated the SET as physically and 
psychologically demanding. The SET was rated “moderately” to “quite a bit difficult” by 
66.7% (n=16) of participants. Only two participants rated it to be “extremely difficult”. The 
memory tasks (n=18), the tower (n=10) were most frequently selected to be difficult. The SET 
was rated to be “a little” to “moderately” stressful by 66.7% (n=16) of participants. The 
memory task (n=14) and the tower (n=11) were most frequently selected to be stressful. The 
SET was rated “quite a bit” to “extremely” relevant to firefighting by 79.1% of participants. 
The tower (n=20), moving equipment(n=16), memory task (n=10), problem-solving task 
(n=7) were most frequently selected to be relevant to firefighting. The SET was rated to be 
“moderately” to “quite a bit” physically demanding by 70.8% (n=17) of participants. The 
tower (n=22) and moving equipment (n=9) were frequently selected to be physically 
demanding. 
5.2.3 Part Two: Evaluating the Validity and Reliability of the SET 
The key objective of the current study, as aligned with the fifth and sixth aim of this 
thesis, was to evaluate the validity and reliability of a novel SET that included psychological 
demands. In doing so, the current study would satisfy the fourth objective of this thesis by 
comparing performance data from two fitness tests (VO2-submax and maximal strength test) 
and two cognitive tasks (memory recall task and problem-solving task) completed in the 
laboratory to occupational (time, heart rate, oxygen consumed) and cognitive performance 
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(memory recall, TOL planning time, TOL execution time, TOL number of moves) data 
collected during completion of the novel SET. 
5.2.3.1 Hypothesis Seven 
H7: It was hypothesized that associations would be observed between performance 
outcomes on the novel SET and performance on the maximal fitness tests indicating test 
validity 
Pearson correlations were conducted to examine associations between SET 
performance outcomes and fitness testing outcomes. Preliminary analyses showed the 
associations to be linear with all variables normally distributed, as assessed by Shapiro-Wilk’s 
test, and there were no outliers. Time to complete the SET was highly inversely correlated 
with predicted VO2-max (r= -0.72, p < 0.001). The standard error estimate (SEE) was 
equivalent to 63 seconds on the SET. A significant negative association between predicted 
VO2-max and oxygen consumption during the SET (r= -0.53, p=0.008) was also observed. 
Relative strength (n/kg) and absolute strength (n) were not correlated with SET performance 
outcomes. Table 5.9 displays correlations between SET outcomes and fitness outcomes. 
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Table 5.9. Correlations between SET outcomes and fitness outcomes. 
***p < 0.001 **p < 0.01, *p < 0.05  
HR= Heart rate, Oxy Con.= Oxygen consumption 
5.2.3.2 Hypothesis Eight 
H8: It was hypothesized that associations would not be observed between cognitive 
performance during the SET and in the lab. 
Pearson correlations were conducted to examine associations between cognitive 
performance during the SET and in the lab. Preliminary analyses showed the associations to 
be linear with all variables normally distributed, as assessed by Shapiro-Wilk’s test, and there 
were no outliers. In support of hypothesis eight, no statistically significant associations were 
observed between memory recall score (r= -0.096, p=0.656), TOL planning time (r=0.384, 
p=0.064), TOL execution (r= -0.089, p=0.679), TOL total time (r=0.148, p=0.491), or TOL 
number of moves (r= -0.041, p=0.848) during the SET and in the lab. Table 5.10 displays the 













Absolute Strength (n) -0.142      
Relative Strength (n/kg) 0.327 0.538**     
HR Pre -0.137 -0.135 0.172    
HR Post -0.162 -0.098 0.026 0.293   
Oxygen Consumption -0.528** 0.132 -0.313 -0.099 -0.331  
SET Total Time -0.723*** -0.050 0.280 0.112 0.144 0.702*** 
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0.024 -0.419* 0.095 -0.284 -0.041 0.229 -0.496* 0.730** -0.034 
**p < 0.01 *p < 0.05  
Exec. Time= Execution Time 
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5.2.3.3 Hypothesis Nine 
H9: It was hypothesized that no significant differences, small non-significant effects, and 
low variability would be observed between outcomes from SET attempt one and SET 
attempt two, indicating test-retest reliability.  
Participants who performed the two reliability trials were, on average, quicker during 
the second attempt (537.08 ± 82.61) compared to the first (552.08 ± 89.34), although this 
difference was not statistically significant (p=0.166). Additionally, statistically significant 
differences were not observed between attempt one and two for mean heart rate pre (p=0.372) 
and post (p=0.619) SET, %HRmax achieved (p=0.584), and oxygen consumed (p=0.144). 
Effect sizes were small to moderate ranging from -0.17 to 0.47 and associated 95% confidence 
intervals did not indicate any significant effects between attempt one and attempt two for the 
performance and physiological outcomes. Table 5.11 displays the means, paired t-tests, 
Hedges’ d effect sizes and associated 95% confidence intervals, and coefficient of variation 
for each outcome from SET attempts one and two. 
For the cognitive tasks completed during attempts one and two of the SET, paired t-
tests reveal no statistically significant differences between attempt one and attempt two for 
TOL execution time (t(11)= -2.250, p=0.121), TOL total time (p=0.806) and TOL number of 
moves (p=0.136). However, statistically significant differences were observed between 
attempts for memory recall score (t(11)= -2.250, p=0.046) and TOL planning time (t(11)= 
5.780, p <0.001). Hedges’ d effect sizes indicated a large significant effect on memory recall 
score (d= -0.91, 95% CI: [-1.91, -0.11]) and TOL planning time (d= 2.00, [1.14, 3.27]), such 
that firefighters spent less time planning and recalled more items during attempt two compared 
to attempt one. For the other outcomes of cognitive performance effect sizes ranged from -
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0.66 to 0.15 and associated 95% confidence intervals did not indicate any significant effects 
between attempt one and attempt two.  
Table 5.11. Means, paired t-tests, Hedges’ d effect sizes and coefficient of variation (CV) 





























































































*p < 0.05 
The coefficient of variation between the two attempts was calculated for SET time 
(CV= 4.74%, equivalent to 26 seconds), heart rate pre-SET (CV=8.4%, equivalent to 7.5 bpm), 
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heart rate post-SET (CV=5.64%, equivalent to 8.4 bpm), %HRmax (CV= 5.64%, equivalent to 
4.79%), oxygen consumption (CV= 9.0%, equivalent to 11 bars), memory recall score (CV= 
47.43%, equivalent to ~1 point) , TOL planning time (CV=53.7% equivalent to 15 seconds), 
TOL execution time (CV= 41.21%, equivalent to ~20 seconds), TOL total time (CV= 24.61%, 
equivalent to ~20 seconds), and TOL number of moves (CV= 34.29%, equivalent to 3 moves.  
5.2.3.4 Hypothesis Ten 
H10: It was hypothesized that high (r>0.70) test-retest reliability would be 
observed between outcomes from SET attempt one and SET attempt two.  
Pearson correlations were conducted to examine associations between SET 
performance outcomes from attempt one and two. Preliminary analyses showed the 
associations to be linear with all variables normally distributed, as assessed by Shapiro-Wilk’s 
test, and there were no outliers. High test-retest reliability of the SET was observed for 
occupational performance revealing a strong significant association between the mean 
completion time of attempt one and attempt two (r=0.803, p=0.002). No statistically 
significant associations were observed between heart rate pre or post, %HRmax, oxygen 
consumption, memory recall score, TOL planning time, TOL execution time, TOL total time, 
or TOL number of moves. Table 5.12 displays correlations between outcomes from SET 




Table 5.12. Correlations between outcomes from SET attempt one and two. 
 r p 
SET Time (s) 0.80 0.002** 
HR Pre -0.04 0.907 
HR Post -0.37 0.239 
%HRmax 0.05 0.890 
Oxygen Consumption (bars) 0.69 0.013* 
Memory Recall Score 0.40 0.192 
Memory Recall Score (%) 0.40 0.192 
TOL Planning Time 0.52 0.085 
TOL Execution Time -0.20 0.533 
TOL Total Time 0.21 0.510 
TOL Number of Moves 0.14 0.675 























The current Chapter discusses the findings from the studies outlined and reported in 
Chapter Four and Five. Changes in mood, affect, and anxiety provide evidence of the 
psychological demands of the SET. The SET significantly increased negative psychological 
states (i.e. negative affect) while the maximal fitness testing and cognitive tasks significantly 
decreased negative psychological states (i.e. tension, anger, confusion, negative affect, and 
total mood disturbance) and significantly increased positive psychological states (i.e. positive 
affect). These findings indicate the fire emergency setting/SET to have a more negative impact 
compared to the lab setting. Participant feedback also rated the SET as physically (physically 
difficult) and psychologically (stressful) demanding.  
Additionally, the results of the current research provide evidence of the SET as a 
reasonably valid and highly reliable measure of the physical and physiological demands of 
firefighting, with associations observed between SET performance time and SET oxygen 
consumption and predictedVO2 max. The SET and the lab setting resulted in differences in 
cognitive performance, with firefighters performing worse during the SET. Again, indicating 
the SET environment as more demanding than the laboratory and highlighting the importance 
of measuring performance (both occupational and cognitive performance) within the 
environment most impactful to the occupation and including all facets of firefighting within 
the SET to improve the measurements of the effects of the demands. 
These findings address a gap in the literature identified in Chapters Two and Three, 
the absence of psychological demands within existing SET protocols implemented within 
firefighting research and further add to the validation of a more robust SET with ecological 
and content validity. Chapter Seven discusses these findings and the findings from Chapters 
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Two, Three, and Four, as a whole body of work. This includes the theoretical and practical 
implications, strengths, limitations and plans for future research. Following that, informed by 
the findings of Chapters Two through Seven, Chapter Eight presents a proposed SOP for 
implementing SETs for the purpose of evaluating and researching firefighters within the fire 
emergency environment.  
6.2 Introduction 
The purpose of this investigation was to develop and validate a more robust SET that 
included psychological, along with physical and physiological, demands of the fire emergency 
environment. The current study had several aims and objectives. The first primary aim was to 
provide an overview of SETs by systematically reviewing the available literature including 
SETs and synthesizing the information on SETs and SET research. The second primary aim 
was to investigate the validity of existing SETs as representative of the fire emergency 
environment by evaluating the ecological and content validity of the existing SET protocols. 
Following this, the third primary aim was to then design and implement a more robust SET 
with psychological demands, among a group of firefighters, by incorporating two cognitive 
tasks into a SET. The fourth aim was to provide evidence of the SET as psychologically 
demanding, as well as physically and physiologically demanding by collecting, examining, 
and comparing psychological, physiological, performance, and perceptual data from 
firefighters completing the SET, two maximal fitness tests, and two cognitive tests in a lab. 
The fifth primary aim was to evaluate the validity and reliability of the novel SET by 
correlating physiological responses, and occupational and cognitive performance outcomes 
from the SET to performance on two maximal fitness tests and two cognitive tasks completed 
in a lab. The SET was evaluated for test-retest reliability by comparing physiological 
responses and occupational and cognitive performance outcomes from firefighters’ attempts 
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of the SET, 12 weeks apart. The sixth primary aim was to provide recommendations for 
implementing SETs for training, evaluation and research purposes by composing a proposed 
SOP. 
6.3 Participants 
Data collection occurred across four experimental studies spanning from Fall 2016 to 
Fall 2019. Twenty-four adult, male, career firefighters completed all four studies. Average 
BMI for the participants (28.09 ± 4.07, range = 19.67 to 38.05) classifies the overall sample 
as overweight (25 to 29.9), with some falling within the normal range (18.5 to 24.9) and some 
being classified as obese (>30; World Health Organization (WHO), 2016). This range is 
similar to samples examined previously (Horn et al., 2015). The estimated aerobic fitness of 
the current sample of firefighters was 43.02 ± 8.30 ml.kg-1.min-1, with individual values 
ranging from 29.60 to 56.10 ml.kg-1.min-1. This level of fitness is satisfactory for performance 
of firefighting activities based on minimal aerobic fitness recommendations (ranging from 
33.5 to 45 ml.kg-1.min-1) (Gledhill & Jamnik, 1992; Sothmann et al., 1990). The NFPA also 
recommends an aerobic fitness level of at least 42 ml.kg-1.min-1 (NFPA, 2013) which the 
average of this sample also meets. However, the lower end of the range of aerobic fitness 
(29.60 ml.kg-1.min-1) would not meet any of the aerobic fitness recommendation reported in 
the literature. Full body strength, measured as an output of force relative to body mass, of the 
current sample was 31.52 ± 4.77 n/kg. 
6.4 Psychological Demands of the SET 
Pre/post SET administration of measures of state anxiety, mood, and affect allowed 
for assessment of the psychological demands of the SET. In the current research, a significant 
increase in negative affect was observed in firefighters following the SET. Additionally, 
though statistically non-significant, the SET also increased state anxiety, tension, confusion, 
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fatigue, and total mood disturbance (i.e. negative emotions) and decreased positive affect and 
vigour (i.e. positive emotions). Only two studies, identified in Chapter Two, examined 
psychological outcomes before and after SETs without environmental conditions. Consistent 
with the current study, Perroni et al. (2009) observed increases in state anxiety following a 
SET that lasted approximately 700 seconds (11 minutes). Firefighters completed the current 
SET in an average of 552 seconds. However, the changes observed in state anxiety by the 
authors (Perroni et al., 2009) were not large enough to be statistically significant, much like 
the changes observed in the current study. Therefore, one possible explanation for the small 
non-significant changes observed in many of the psychological outcomes, aside from the 
absence of environmental conditions, could be the short duration of the SET.  
However, previous studies implementing SETs with environmental conditions have 
reported statistically significant changes in the negative psychological outcomes. For 
example, as observed in the current study, Greenlee et al. (2014) and Petruzzello et al. (2016) 
reported significant increases in tension and state anxiety. Both studies implemented the 
Legacy Protocol, identified in Chapter Three, which is a short duration SET of 18 minutes. 
Based on these studies, the absence of environmental conditions may be a more appropriate 
explanation for the small statistically non-significant changes observed in the psychological 
outcomes. The inclusion of environmental conditions would add to the physiological demands 
experienced by firefighters and could further exacerbate the psychological responses, thus 
leading to greater changes following the SET. However, further research should consider both 
the duration of the SET and the exclusion of environmental conditions.  
Following on from this, psychological responses also varied across the experimental 
conditions. The SET significantly increased negative affect, and there were observed 
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statistically non-significant increases in tension, fatigue, total mood disturbance, and state 
anxiety and non-significant decreases in positive affect. Indicating the SET to have a negative 
impact on firefighters’ mood, affect and state anxiety. While the maximal fitness tests 
decreased tension, anger, and confusion, and cognitive tasks in the laboratory significantly 
increased positive affect and significantly decreased negative affect, fatigue, confusion, and 
total mood disturbances. Indicating the fitness and cognitive lab tests to have a positive impact 
on firefighters. Effect sizes, although statistically non-significant, also indicated the effects of 
the fitness testing and cognitive testing on mood, affect and anxiety to be nearly inverse to the 
effects of the SET.  
The SET increased psychological outcomes that are commonly considered “negative” 
and decreased those considered “positive” while the fitness and cognitive tests had an inverse 
effect increasing “positive” and decreasing “negative” outcomes. Although not all the 
observed changes were statistically significant, the effect sizes still provide insight on the 
direction and magnitude of the effects of each of the experimental conditions. This indicates 
that the psychological demands are different for the SET compared to the fitness and cognitive 
tests completed in the laboratory and demonstrates psychological demands during a fire 
emergency to be different to the psychological demands experienced during laboratory tests 
or assessments conducted outside of the fire environment. These differences indicate the SET 
to be a more demanding environment which is consistent with the aim of the novel SET to 
include concurrent physical, physiological and psychological demands which subsequently 
lead to greater demand on the firefighter. Overall, these differences in responses provide 
evidence to confirm the SET as psychologically demanding. 
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6.5 Cognitive Performance and Psychological Responses 
The current study observed a significant positive association between memory recall 
performance during the SET and post-SET measures of positive affect, and a significant 
negative association between memory recall performance and depression, and total mood 
disturbance. To our knowledge, no known study has examined the associations between 
cognitive performance during a SET and psychological responses. However, the results of the 
current research are consistent with research examining cognitive performance and 
psychological changes in personnel following simulations for military, police, and pilots. 
These studies observed adverse changes in psychological outcomes of state anxiety, fatigue, 
tension, and stress (Stokes & Kite, 2003; Svensson & Wilson, 2002) and adverse changes in 
cognitive functions such as working memory, information processing, attention and 
communication performance (Lieberman et al., 2005; Lieberman et al., 2009; Huttunen et al., 
2011; Lewinski et al., 2016; Svennson & Wilson, 2002; Stokes & Kite, 2003). These findings 
highlight the impact psychological demands can have on firefighters, impacting both cognitive 
function and psychological responses. These adverse effects could lead to errors in real-life 
which could have severe consequences in highly demanding environments such as a fire 
emergency.  
The associations observed between memory recall and depression and total mood 
disturbance could indicate that the cognitive tasks included in the SET were psychologically 
demanding. Such that increased depression and total mood disturbance was associated with 
decreased memory recall. Impairments in memory recall could be due to negative mood 
according to the resource depletion model (Eysenck & Calvo, 1992) which proposes that 
negative mood distracts and depletes working memory capacity leaving little capacity left for 
executing other necessary functions. This is further supported by the positive association 
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observed between memory recall and positive affect, such that greater positive affect was 
associated with greater memory recall.  
Results of the analyses indicate no associations between problem-solving outcomes 
and psychological outcomes during the SET. Aside from the different cognitive functions 
measured by the two tasks, the tasks appeared to be equal in difficulty. Both tasks were also 
physically demanding. During the memory recall task, the firefighters moved heavy 
equipment (i.e. hose, fire extinguisher, and door jammer) to specific floors within the tower, 
while during the problem-solving task firefighters moved the seven boxes, each weighing 10 
kg. The only notable difference between the tasks was the amount of time spent on each task. 
Firefighters completed the problem-solving task on average in under two minutes while 
firefighters spent majority of the duration of the SET completing the memory recall task, 
recalling an item every time they returned to the bottom of the tower. Thus, this could be one 
explanation for the lack of associations between psychological outcomes and problem-
solving. A problem-solving task that is longer or equal in duration, perhaps completing the 
puzzle more than once, may lead to greater changes in psychological outcomes and possible 
associations between performance and outcomes of mood, affect, and anxiety. Nevertheless, 
the current results partially support the inclusion of the cognitive tasks, specifically the 
memory recall task, as psychologically demanding.  
6.6 Physical and Physiological Demands of the SET 
Regarding SET performance during attempt one, changes in heart rate in the current 
study are comparable to previous SET studies identified in Chapter Three as physically 
demanding. In the current study, heart rates ranged from 70% to over 100% of age predicted 
heart rate max (220-age). Mean %HRmax reached during the SET was 85.68 ± 9.25%. This is 
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consistent with studies that measured changes in heart rates and have reported heart rates 
reaching maximal or near maximal levels following SETs with no environmental conditions 
such as live-fire, heat and smoke (Bugajska et al., 2007; Davis & Gallagher, 2014; Smith et 
al., 2015; Smith et al., 2016; Elsner & Kolkhorst, 2008; Louhevaara et al., 1993; Williams-
Bell et al., 2010a) and following SETs with environmental conditions (Al-Zaiti et al., 2015; 
Lusa et al., 1993). The current SET did not include environmental conditions; therefore, the 
addition of environmental conditions could lead to greater changes in heart rate and oxygen 
consumption.  
6.7 Firefighters’ Perceptions of the SET 
As hypothesized, firefighters rated the SET as physically demanding and stressful 
(psychologically demanding) and selected the memory recall task and running the tower to be 
the most stressful and difficult aspects of the SET. Firefighters also rated the SET to be 
extremely relevant to firefighting. The memory recall task and the problem-solving task were 
among the items most frequently selected as relevant. Perceptual responses can greatly 
influence corresponding physiological reactions to environmental demands and interact with 
mood, cognition, and performance based on the transactional psychobiological model of stress 
(Acevedo & Ekkekakis, 2001). Perceptual responses include constructs such as perceived 
exertion, respiratory distress, thermal sensation, and felt arousal (Marras & Hancock, 2014). 
Firefighters reported they perceived the SET to be challenging and performance scores, 
particularly the lower in cognitive performance during the SET compared to the lab, indicate 
that the SET was challenging. The changes in mood states, state anxiety and positive and 
negative affect also indicate the SET to be challenging corresponding with the firefighter’s 
perceptions. These changes were also nearly inverse to the changes observed following the 
two maximal fitness tests (the physical demands only) and the laboratory cognitive tasks (the 
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psychological demands only). These findings indicate that firefighters perceived the combined 
physical, physiological, and psychological demands as demanding and stressful which 
resulted in changes in psychological states and cognitive performance. These results provide 
evidence of the SET environment to be more demanding than the laboratory environment due 
to the combined demands which can influence performance. This finding also supports the 
use of SETs when evaluating and researching firefighters and supports the importance of 
including all the demands of firefighting within SETs.  
6.8 Validity of the SET 
In order to evaluate the validity of the SET as representative of the physical, 
physiological and psychological demands of the fire emergency environment, associations 
were examined between SET performance and performance on the fitness tests (physical 
demands), SET and fitness testing physiological responses (physiological demands) and 
cognitive performance during the SET and cognitive performance during the lab 
(psychological demands). 
6.8.1 Comparing Physical and Physiological Outcomes 
SET performance time and oxygen consumption were strongly inversely associated 
with predicted VO2-max indicating the SET to be a valid representation of the physical and 
physiological demands of the fire emergency environment. Specifically, those demands 
related to cardiorespiratory fitness. No associations were observed between strength and SET 
performance or physiological responses. The associations observed between SET 
performance time and predicted VO2-max are consistent with previous research. Previous 
studies have observed moderate (von Heimburg et al., 2006) to large (von Heimburg & 
Medbø, 2013; Stevenson et al., 2019) associations between SET performance time and 
cardiorespiratory fitness. Notably, several of the studies that observed associations between 
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SET performance time and cardiorespiratory fitness included SETs with similar tasks and did 
not include environmental conditions. Thus, the association between SET performance time 
and cardiorespiratory fitness observed may be due to the tasks the firefighters completed 
during the SET, the physical demands, and not the environmental conditions or the 
physiological demands. 
SETs involving stair climbing, equipment carrying and casualty rescue (von Heimburg 
et al., 2006; Williford et al., 1999; Williams-Bell et al., 2009; Stevenson et al., 2019) have 
elicited stronger correlations with cardiorespiratory fitness compared to overall task 
performance. This is likely due to the duration spent in steady state activity which allows for 
a better measurement of cardiorespiratory fitness (Baumann et al., 2011; Stevenson et al., 
2019). The SET in the current research also included stair climbing, an equipment carry, a 
rescue task and majority of the SET was spent ascending/descending stairs while carrying 
equipment or searching for victims. Therefore, the tasks and the total duration of the 
simulation spent on these tasks may have facilitated the validity with cardiorespiratory fitness. 
This could also explain the absence of an association between SET performance time and 
maximal strength. In the current research, association were not observed between SET 
performance time and maximal strength. These results do not align with previous research. 
For example, Rhea et al. (2004) reported significant associations between performance and 
several variables of muscular strength and endurance. 
Despite the strong association between SET performance time, oxygen consumption 
and predicted VO2 max observed in the present study, cardiorespiratory fitness accounted for 
only 56% of the total variance in task time. This is more than the variance observed by 
Stevenson et al. (2019) and von Heimburg et al. (2006) who reported 54% and 28% variance 
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in SET performance times respectively. Nevertheless, it may not be suitable to determine 
whether a firefighter was fit for duty using SET performance time alone but could predict only 
cardiorespiratory fitness of firefighters. 
6.8.2 Comparing Cognitive Performance 
As hypothesised, no significant associations were observed between outcomes of 
cognitive performance during the SET and cognitive performance in the lab. This is due to the 
differences in firefighter’s cognitive performance during the SET compared to in the lab. The 
SET resulted in lower cognitive performance, quantified by lower response accuracy during 
memory recall, slower problem-solving times and a greater number of moves to solve the 
problem, compared to the lab. The present results are consistent with previous research that 
observed impairments in memory recall following physically and psychological demanding 
military simulations (Tavernier et al., 2010; Taverniers, Taylor & Smeets, 2013) and previous 
research that observed increased number of moves and slower times to solve the TOL in 
stressed participants (Starcke et al., 2016). Overall, these results indicate the SET was 
psychologically demanding and had a greater or different impact on cognitive performance 
compared to lab.  
During a SET or a fire emergency there are many factors that could influence cognitive 
performance that are not present within the laboratory setting. These include the addition of 
the concurrent physical and physiological demands experienced by wearing PPE and SCBA, 
exposure to live-fire, heat, and smoke, and the moving of heavy equipment and/or individuals. 
Previous research has reported that raised skin and core temperature and increased fatigue and 
cardiovascular strain resulted in decreases in cognitive performance as observed by slower 
reaction times and reduced accuracy (Simmons & Saxby, 2008). Dehydration from 
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performing in heated conditions has also been associated with reduction in working memory, 
reaction time, vigilance, and increases in tension and anxiety (Ganio et al., 2011). Increased 
skin and core temperatures, increased fatigue and cardiovascular strain and dehydration are 
physiological and psychological responses firefighters experience during fire suppression and 
emergency response. The current research did not include live-fire, heat, or smoke therefore 
skin and core temperature and levels of hydration were not measured. However, fatigue and 
cardiovascular strain were measured, and increases were observed in both measures in 
firefighters completing the SET. These changes could be one possible explanation for the 
lower cognitive performance observed during the SET compared to the lab. 
In the current study, although firefighters engaged in the SET on average ~10 minutes, 
memory recall score was low with an average of 30% correct responses. This was also 
observed with the problem-solving task. Although, firefighters completed the task quickly (on 
average in less than two minutes) they used nearly twice as many moves than required to solve 
the puzzles. Therefore, faster performance times do not necessarily mean better performance. 
These results demonstrate the accuracy-speed trade off that is commonly observed during 
combined physical and psychological tasks. 
Several studies examining information processing before and after a SET have 
reported similar changes in response times and correct responses during cognitive tasks such 
as the CPT or PASAT. Hemmatjo et al. (2017a & 2018a) and Greenlee et al. (2014) observed 
faster reaction times with a decrease in correct responses on the CPT. A decrease in correct 
responses was also observed in another study by Hemmatjo et al. (2017b & 2017c) and Zare 
et al. (2018) using the PASAT. However, these studies examined the effects of firefighting 
(using a SET) on information processing by comparing performance before and after the SET. 
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The current study included the measures of cognitive performance within the SET and 
measured cognitive performance during a SET or firefighting. 
Only two studies (identified in Chapter Three) incorporated a cognitive task within the 
SET. Kivimaki and Lusa, (1994) recorded and analysed thinking aloud to identify time spent 
on thoughts that were task focused or task irrelevant, while Marcel-Millet et al. (2018) focused 
on selective attention and inhibition which evaluated response time and accuracy (correct 
response) using a two-minute version of the Stroop Test. The authors observed a decrease in 
reaction times (faster reaction) but an increase in wrong answers. Highlighting again, a 
tendency for firefighters to perform faster but not better/with more errors; results consistent 
with those of the present study. In a fire emergency, errors could lead to serious consequences 
that could impact the firefighter and others relying on the firefighter. Overall, the present 
results indicate the impact the SET had on cognitive performance and indicate the SET to be 
psychologically demanding, supporting the inclusion of the cognitive tasks to increase the 
validity of the SET.  
6.9 Reliability of the SET 
Test-retest reliability of the SET was assessed by comparing firefighter’s performance 
during attempt one and attempt two, completed 12 weeks apart. Test-retest reliability would 
indicate the SET to be reliable and consistent when repeatedly implemented. Following the 
analyses, the SET was observed to demonstrate a high degree of test-retest reliability for SET 
time (r=0.803) and oxygen consumption (r=0.689) across 12 weeks. No statistically 
significant associations were not observed for heart rate pre and post SET, and %HRmax, 
between attempt one and attempt two of the SET. The variability of means across the two 
trials was 4.7% equivalent to 26 seconds for SET time and for oxygen consumption, 9.0% 
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equivalent to 10 bars of compressed air. This result is consistent with test-retest reliability 
correlations and variability reported for SET time by Stevenson et al. (2019) after one week 
(r=0.84, 4.5%), Boyd et al. (2014) after six trials across 48 hours (r= 0.95-0.98, 2.6%), and 
Plat et al. (2010) after one week (r=0.56) and three weeks (r=0.79). The current study included 
a longer time period between attempts which is more realistic to the testing procedures 
implemented within the fire service, which currently test firefighters less frequently and with 
longer periods of time between tests. Based on these results, the SET is a highly reliable 
measure of the physical demands (SET time) and the physiological demands (oxygen 
consumption). 
Although significant associations were observed only for SET time and oxygen 
consumption between attempt one and two, significant differences were not observed between 
the means for SET outcomes between attempt one and two, and variability between the means 
was low (ranging from 5.64% to 9.0%). These data indicate a level of test-retest reliability for 
the SET other SET outcomes relevant to the physical and physiological demands, HR and 
%HRmax, 
Associations between cognitive performance during SET attempt one and attempt two 
were also examined. No significant associations were observed for memory recall, TOL plan 
time, TOL execution time, TOL total time, and TOL number of moves between attempt one 
and two. Nevertheless, no significant differences were observed between the means from SET 
attempt one and two for TOL execution time, TOL total time, and TOL number of moves. 
Effects were also small-to-moderate and non-significant. These findings indicate the SET to 




However, there were significant differences between means for memory recall score 
and TOL planning time, equivalent to ~1 point and 15 seconds respectively. Indicating that 
firefighters during attempt two answered one more recall question and spent 15 seconds less 
planning during the TOL than they did during the first attempt. Based on these results, the 
SET did not demonstrate test-retest reliability for memory recall and planning during problem-
solving. For the memory recall task, during attempts one and two, mean scores were ~1 and 
~2 points out of a possible five points and firefighters spent less time planning during the 
TOL. Despite this decrease in TOL planning times, firefighters did not perform better overall 
on the problem-solving task during the second attempt of the SET. Instead TOL total time 
increased. 
Considering mean scores were less than 50% following both attempts of the SET for 
memory recall and problem solving did not improve on any of the other outcomes from the 
TOL, it is not clear if these changes are due to test-retest reliability (or lack of) or instead due 
to increased familiarity of the task during the second attempt. During the first attempt, the 
tasks were completely novel to the firefighters, but this was no longer the case during the 
second attempt and firefighters knew what to expect allowing them to perform better. The 
current research used randomization of the order of the memory recall stimuli and TOL block 
patterns to reduce the likelihood of learning effects, but this may not be enough to retain the 
novelty of first exposure to the tasks. These results are indicative of a small learning effect. 
Nevertheless, the memory recall task and the TOL may still be suitable cognitive tasks for use 
in SETs but further validation research is needed and research on addressing retaining the 




This is one of a few studies to investigate a SET with psychological demands within 
firefighting research, thereby addressing a gap in the literature, and further advancing the aims 
of this thesis; to develop and validate a more robust SET that includes the psychological 
demands (along with the physical and physiological demands) demonstrating ecological and 
content validity. Significant increases in negative affect and lower cognitive performance 
during the SET compared to the lab provide support for the SET as psychologically 
demanding. Differences in changes in the psychological outcomes following the SET 
compared to maximal fitness testing and cognitive tasks completed in the lab also indicate 
that the psychological demands experienced during the SET differ from those experienced 
during the fitness and cognitive testing in the lab. This highlights the importance of assessing 
firefighters in the fire emergency environment. Additionally, feedback from the firefighters 
also provides evidence that the SET was perceived as physically and psychologically 
demanding.  
The SET investigated in the present research was also observed to demonstrate validity 
and test-retest reliability. Significant increases in heart rate and decreases in oxygen supply 
(high rate of oxygen consumption) after the SET, strong inverse associations between SET 
completion time, oxygen consumption and predicted VO2-max provide evidence of the SET 
as physically and physiologically demanding. Differences in cognitive performance during 
the SET compared to the lab also indicate the fire emergency setting to be psychologically 
demanding. This is likely due to the many factors present during a fire emergency that have 
been identified to impact cognition. These findings highlight the importance of the fire 
emergency environment when measuring performance. The findings from the current research 
provide insight on including the psychological demands within a SET to increase the validity 
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and reliability and can further be applied to the development of a SOP for implementing SETs 






















This thesis presents an investigation into the validity and reliability of SETs. The 
review of the available literature provided in Chapter Two presented a comprehensive 
summary of the sample characteristics, research designs, SET methods/protocols, and 
outcomes of interest investigated in firefighting research implementing SETs. The review 
revealed the current state of SETs which includes many existing SET protocols and notably 
an absence of validation research for SETs. These findings along with other findings 
highlighting the understudied psychological demands of firefighting, led to the investigation 
of the validity of SETs as a key topic in this thesis. Given the large number of existing SET 
protocols (n=60) identified within the literature and the notable lack of validation research for 
SETs, an evaluation of the ecological and content validity of the existing SET protocols was 
conducted in Chapter Three. From this review, the psychological demands relevant to 
firefighting, a key component contributing to the ecological and content validity of SETs (or 
lack thereof), was identified to be missing from majority of existing SET protocols.  
Following this, with a refined focus, a novel SET that included psychological along 
with physical and physiological demands was then designed and implemented among a group 
of firefighters, leading to the research described and conducted in Chapters Four and Five. 
Chapter Four detailed the development of the current study, the research questions, the 
methodologies and the procedures selected for implementing and evaluating the validity and 
reliability of the SET. This included the theoretical and empirically informed designing of the 
SET to include psychological demands. Across four experimental studies firefighters 
completed a SET, two maximal fitness tests, two cognitive tests, and repeated measures of 
physiological and psychological outcomes. Chapter Five presents the results of the analyses 
conducted in two parts. Part one focused on examining the psychological demands of the SET, 
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while part two focused on assessing the validity and reliability of the SET. The results of the 
current research were then discussed in Chapter Six and placed in the context of the available 
literature in Chapter Six. Following which, this Chapter incorporates all the key findings from 
Chapters Two through Six which can be summarized as follows: 
1) Despite the preference for implementing SETs within the available 
literature, there was a notable lack of validation research and lack of standard 
procedures for implementing SETs. This likely has led to the large variety of 
methodologies and protocols within the literature. 
2) An evaluation of 60 SET protocols identified within firefighting 
research revealed existing SETs to have moderate-to-low ecological and content 
validity.  
3) There was a tendency for SETs to focus on the physical and 
physiological demands of the fire emergency environment and therefore the 
psychological demands of firefighting was missing from existing SETs. 
4) Evidence supports that psychological demands should be considered as 
a component of the fire emergency environment to be included in SETs 
5) Evidence supports cognitive load/function as a psychological demand 
relevant to firefighting that could be incorporated into a SET. However, there are 
currently no cognitive tasks validated for use in SETs. 
6) A SET that included psychological demands by incorporating two 
cognitive tasks led to significant increases in negative affect and lower cognitive 




7) Changes in psychological outcomes following the SET were different 
to those observed in the laboratory following maximal fitness testing and cognitive 
tasks. The SET increased negative mood states and the maximal fitness testing and 
cognitive tasks decreased negative mood states and increased positive mood states. 
8) The SET resulted in significant increases in heart rate and decreases in 
oxygen, with heart rates reaching on average 85.68 ± 9.25% of HRmax providing 
evidence of the SET as physically and physiologically demanding.  
9) The SET was observed to be a reliable measure of occupational 
performance (time to complete) with high test-retest reliability after 12 weeks. 
10) The SET performance time and oxygen consumption was inversely 
related to predicted VO2-max indicating the SET to be a valid measure of the physical  
and physiological demands specifically those related to cardiorespiratory fitness and 
occupational performance.  
11) Cognitive performance during the SET was lower than cognitive 
performance observed in the lab. Memory recall was worse (lower correct items 
recalled) during the SET compared to the lab and problem-solving was worse (slower 
times to solve, and greater number of moves) during the SET compared to the lab. 
7.2 Overall Impact of the Research 
7.2.1 Including Psychological Demands within SETs 
The present findings support the inclusion of psychological demands within a SET by 
incorporating two cognitive tasks. The tasks were selected based on their ability to elicit 
cognitive functions relevant to firefighter job requisite skills. Psychological demands were 
then assessed via pre/post administration of measures of state anxiety, mood states, and 
positive and negative affect. The current study observed a significant increase in firefighters’ 
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negative affect following the SET. Additionally, the SET also increased state anxiety, tension, 
confusion, fatigue, and total mood disturbance (i.e. negative emotions) and decreased positive 
affect and vigour (i.e. positive emotions) but the changes were not large enough to be 
statistically significant. Nevertheless, these changes do indicate that the SET overall impacted 
firefighters by increasing outcomes considered to be negative and, based on the literature, 
considered to be indicative of psychological stress (Bardwell et al., 2005). This evidence is a 
first step in the development of a SET that includes psychological demands, specifically 
cognitive load.  
One possible explanation for these results is that the changes in psychological 
outcomes are not due to the inclusion of the psychological demands within the SET or the 
exposure to the concurrent demands via the SET but instead are due to the participation in an 
acute physical activity. The SET is indeed a form of acute physical activity. However, acute 
bouts of physical activity of moderate to high intensity have been previously reported to 
improve mood, anxiety, and depressive symptoms (Lane & Lovejoy, 2001; Berger & Motl, 
2000; McDowell et al., 2019). This is consistent to the changes in psychological outcomes 
observed following the maximal fitness tests. In the current study, the changes in 
psychological outcomes following the SET are nearly opposite to those observed following 
the lab tests. Highlighting clear differences and again further supporting that the changes 
observed in firefighters during the SET are due to the combined demands. 
The changes in psychological outcomes following the SET are further explored by 
examining the association between performance on the cognitive tasks within the SET and 
anxiety, mood, and affect. The current study observed an inverse association between memory 
recall performance during the SET and post-SET measures of depression, and total mood 
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disturbance. Meaning a lower memory recall score was associated with greater depression and 
total mood disturbance. These results are consistent with the resource depletion models of 
cognitive function (Eysenck & Calvo, 1992) and the transactional psychobiological model 
(Acevedo & Ekkekakis, 2001) discussed in Chapter Four. The demands within the SET 
increased stress and consumed the capacity of working memory which led to impairments in 
memory recall. 
7.2.2 Validating Cognitive Tasks for SETs 
One of the gaps in the literature the current research highlights, though not an aim of 
this thesis, was the lack of cognitive tasks validated for use during SETs. Cognitive 
performance on the two tasks completed during the SET was compared to cognitive 
performance on the two tasks completed within a lab setting and associations between 
performance were examined. In order to demonstrate validity, there should be associations 
between performance outcomes. In the current study the opposite occurred. However, to 
observe associations between cognitive performance during the SET and in the lab, would be 
contradictory to the hypothesis that the firefighting environment (the SET) is more impactful 
on firefighters due to the combined demands and is the appropriate method to use when 
assessing fitness for duty or evaluating effects of firefighting on personnel. The lack of 
associations observed further supports the impact of the firefighting environment, in this case, 
on cognitive performance. This is one of the difficulties in validating cognitive tasks for use 
during SETs. Integrating cognitive tasks into SETs is one area of the literature that needs to 
be further explored. There are few studies that have examined cognitive performance before 
and after a SET, and even less have implemented cognitive tasks within SETs. Future research 
should continue to validate cognitive tasks for use within SETs and consider other methods to 
demonstrate validity.  
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7.2.3 Using the Fire Emergency Environment for Evaluating Firefighters 
The present finding provides evidence of the importance of the environment when 
assessing, evaluating or researching firefighters. The changes in psychological outcomes from 
the SET compared to the maximal fitness tests and cognitive tests conducted in the lab clearly 
demonstrate this point. The current research selected maximal fitness testing and cognitive 
tasks presented in the lab for comparison based on (1) the argument that these tests are 
generalizable and reliable methods for assessing firefighters fitness for duty and are 
commonly presented as options to supplement testing in the occupational setting rather than 
complement; (2) the frequent inclusion of maximal fitness testing in firefighting research; (3) 
the well-established aerobic demands of firefighting; and (4) the associations reported 
between fitness (mainly aerobic fitness) and firefighting performance. Cognitive function is 
not generally assessed in relation to fitness for duty but there is a small but impactful amount 
of literature assessing cognitive function pre/post firefighting, as outlined in several Chapters 
of this thesis. The SET intended to fully encapsulate the physical, physiological and 
psychological demands of the fire emergency and be representative of the concurrent demands 
experienced within the firefighting environment. While the maximal fitness tests represented 
the isolated physical demands and the cognitive tasks represented the isolated psychological 
demands, both equivalent to the demands that firefighters encounter but in a non-firefighting 
environment. This comparison was conducted to provide insight regarding the impact of the 
demands of firefighting on firefighters, whether experienced concurrently or in isolated 
instances.  
The SET significantly increased negative affect, indicating the SET to have a negative 
impact on firefighters. While the maximal fitness tests decreased tension, anger, and 
confusion, and cognitive tasks in the laboratory significantly increased positive affect and 
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significantly decreased negative affect, fatigue, confusion, and total mood disturbances. 
Indicating the fitness and cognitive lab tests to have a positive impact on firefighters. Effect 
sizes, although statistically non-significant, also indicated the effects of the fitness testing and 
cognitive testing on mood, affect and anxiety to be nearly inverse to the effects of the SET. 
Meaning, the SET (the combined demands + the fire emergency environment) increased 
psychological outcomes that are commonly considered “negative” and decreased those 
considered “positive” while the fitness and cognitive tests had an inverse effect increasing 
“positive” and decreasing “negative” outcomes. Therefore, the SET, had a more negative 
impact on firefighters while the lab testing resulted in positive changes. These results are 
consistent with what is expected based on the transactional psychobiological model (Acevedo 
& Ekkakaksis, 2001) and consistent with previous research combining physical and 
psychological demands among healthy adults (Acevedo et al., 2006); Roth et al., 1990; 
Rousselle et al., 1995; Szabo et al., 1994) and firefighters (Webb et al., 2010; Huang et al., 
2010). These results provide evidence in support of the importance of evaluating firefighters 
within the fire emergency environment, at least when it comes to the impact the environment 
may have on psychological outcomes of anxiety, mood, and affect. These findings also bring 
into question the argument that laboratory testing can be used in place of occupational field 
testing.  
7.2.4 Cognitive Performance and the Firefighting Environment. 
The investigation of cognitive performance and firefighting is a newly developing area 
of interest with a small number of studies examining the effects of firefighting, using a SET, 
on the cognitive performance of firefighters. Currently the majority of this research has 
focused on the pre/post comparison of cognitive performance, examining the effects of 
firefighting on cognitive performance after a SET. Research focused on understanding 
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cognitive performance during firefighting is still growing. The current study is one of a few 
studies to examine cognitive performance during a SET, contributing to the knowledge and 
literature surrounding cognitive performance and firefighting. Lower cognitive performance, 
quantified by lower response accuracy during memory recall, slower problem-solving times 
and a greater number of moves to solve the problem, was observed during the SET compared 
to the lab. This was hypothesized as it was expected that the SET environment would be more 
psychologically demanding than the laboratory setting and lead to lower performance. 
The resource depletion models of cognitive function and the transactional 
psychobiological model can assist in explaining the results observed in the present study. One 
of which is the maximal adaptability model (MAM) (Hancock & Warm, 2003) which 
underscores the importance of multiple, cumulative levels of demands influencing an 
individual’s resource capacity. Following the MAM, the concurrent physical, physiological, 
and psychological demands inherent within the fire emergency environment, requires a large 
portion of the firefighter’s attentional capacity, theoretically leaving them with only a limited 
amount to dedicate to other functions and behaviours. Firefighters are often trying to perform 
effectively under a hyper-demanding environment, reaching their maximal adaptational 
capacities of working memory, reducing the resources available for other cognitive functions, 
which leads to consequences such as impairments in memory recall. 
This is further supported by the fact that firefighters were completing other tasks such 
as moving equipment throughout the tower while they also completed the memory recall task. 
Firefighters also experienced significant increases in negative affect alongside the observed 
impairments in cognitive performance. Mood changes or negative mood have also been 
mentioned as a form of distraction that can limit resources (Robinson & Leach, 2018). 
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Changes in psychological states such as increased negative affect can result in impairment in 
working memory due to working memory engaging in task-irrelevant processing, such as 
dealing with negative feelings, which depletes the amount of working memory capacity 
available for the more important tasks (Eysenck & Calvo, 1992), such as suppressing a fire or 
avoiding danger. Thus, there appears to be several factors involved in cognitive performance 
during firefighting, specifically the interaction between the demands of firefighting, cognitive 
function (working memory) and psychological states. 
7.2.5 Improving Fitness for Duty 
Another issue the current research highlights, though not an aim of this thesis, is the 
argument for using SETs for training firefighters to deal with psychological demands. This 
would involve the addition of “mental or psychological fitness” within evaluations of fitness 
for duty. Training to manage the psychological demands of firefighting could improve the 
firefighter’s ability to respond to these demands. Using SETs is the more realistic way to train 
firefighters to deal with these combined demands. Training within lab settings may not be 
enough. This argument is supported by the observed differences between cognitive 
performance during the SET and in the lab. Embedding problems in a realistic context has 
been previously reported to produce significantly higher performance on puzzles completed 
in the lab (Cunningham & MacGregor (2008). Embedding cognitive tasks within a SET is one 
way to present problems in a realistic manner. Using tasks that are also relevant to firefighting 
would increase the likelihood that the training would be transferrable to a real-life emergency. 
Temporal and cognitive constraints on responses during emergencies also supports the 
use of SETs for training fitness for duty. Based on the role of working memory in behaviour, 
Leach (2004) proposes that training working memory namely by providing the temporal and 
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working memory capacity necessary to create a temporary schema of actions. When exposed 
to a relevant demand an individual can assemble those actions into the correct sequence, and 
then combine those action into a composed response, thus reducing cognitive storage and 
processing demands. Once this process is complete, an environmental demand can quickly 
trigger the appropriate composed response to aid completion of the task, without overloading 
working memory. This also leaves capacity for reacting to novel stimuli, such as unexpected 
changes to the environment like flashover or a collapse of the building. Training to manage 
the demands of firefighting will create schemas the firefighter can quickly access which will 
allow for quick response. According to the transactional psychobiological model, training will 
also reduce the amount of stress that is cognitively appraised by the firefighter when they 
encounter a psychologically demanding situation which in turn should reduce the amount of 
arousal which would lead to less impairment of cognitive functions.  
7.2.6 The Validity of SETs 
The present research aimed to validate a SET as representative of the physical, 
physiological and psychological demands of the fire emergency environment. In doing so, this 
thesis aimed to extend SET validation research and improved the overall validity and 
reliability of SETs by producing a SOP for implementing SETs in research and professional 
contexts. This thesis extends the current knowledge of the validity of SETs in several notable 
ways. First, this thesis provides a comprehensive review of SETs and the existing firefighting 
research involving SETs, from which 60 different SET protocols were identified. This 
provides insight into the current state of SETs and summarizes the current firefighting 
research implementing SETs and several areas where further research is needed. This review 
also indicates a small body of literature validating SET and an absence of a standard operating 
procedure or standardized protocol for implementing SETs.  
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Second, the thesis provides an evaluation of the ecological and content validity of the 
existing SET protocols which highlighted the absence of the psychological demands of the 
fire emergency in SETs. This missing component appears to be key to producing and 
implementing SETs that are valid representations of the fire emergency environment. This 
research also highlights the tendency for SETs to focus on physical and physiological 
measures of performance or fitness for duty. 
The results of the present research also extend the current knowledge of the validity 
of SETs by providing evidence to support the inclusion of cognitive tasks as a relevant 
psychological demand of firefighting. The inclusion of cognitive tasks within SETs is one 
way to incorporate the psychological demands relevant to firefighting and to also assess 
cognitive function, which is a component of fitness for duty that is often overlooked in 
firefighting research. Lastly, the current research informed the development of a SOP to 
produce a SET that fully encapsulates the demands of the fire emergency environment. This 
SOP will assist researchers and professionals to implement SETs to observe firefighters under 
the concurrent physical, physiological, and psychological demands relevant to firefighting, 
increasing the integrity of research and assessments conducted using SETs (i.e. fitness for 
duty). 
The development of a SOP, one of the aims of this thesis, is a direct example of the 
practical implications of furthering the SET validation research. A SOP for implementing 
SETs, which this thesis presents in Chapter Eight, could address the issues highlighted 
throughout this thesis. A SOP will provide a standardized method for implementing SETs 
which could limit the number of SET protocols within the literature and likely allow for 
generalizability across studies using a similar protocol. A SOP would also allow for future 
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research to replicate findings and increase knowledge on several areas of interest in the 
firefighting research. Mixed results and conflicting findings were reported across studies on 
many of the outcomes researched in Chapter Two. A SOP provides researchers and 
professionals alike with a method to implement SETs that fully encapsulate the environment 
of the fire emergency. Overall, this thesis further extends the limited current knowledge of the 
validity of SETs and provides a first step toward the development of more ecologically valid 
and robust SETs for evaluating and researching firefighters.  
7.3 Strengths 
Strengths of this research include the development of a novel SET with ecological and 
content validity and the assessment of cognitive function during the SET. When evaluated for 
ecological and content validity using the method implemented in Chapter Three to evaluate 
the existing SET protocols, the designed novel SET scored a 17 on ecological validity, which 
was above the mean score (11.0 ± 3.3) of the existing protocols. Supplementary Table 6.1 
provides the scoring sheet for ecological validity of the novel SET. Regarding content validity, 
the novel SET also scored above (Content Validity Score = 2.0) the mean score (1.9 ± 0.6) of 
the existing SET protocols. Supplementary Table 6.2 provides the scoring sheet for content 
validity of the novel SET. The novel SET received these above average scores despite the 
absence of environmental conditions. Environmental conditions, which could be easily added 
with the correct facilities, during the novel SET would bring the ecological and content 
validity above the highest scoring existing SETs. 
Much of the research on cognitive function during firefighting has evaluated cognitive 
function by comparing pre/post-performance on a cognitive task (Greenlee et al., 2014; 
Hemmajto et al., 2017a; 2017b; Zare et al., 2018). Only four protocols included cognitive 
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demands within a SET (Kivimaki & Lusa, 1994; Perroni et al., 2009; 2010; von Heimburg & 
Medbo, 2013; Marcel-Millet et al, 2018), of which only two of those studies included tasks 
that appear relevant to firefighting (Kivimaki & Lusa, 1994; Perroni et al., 2010). The current 
study measured cognitive performance during a SET using task that were relevant to 
firefighting and compared cognitive performance during the SET to performance in the lab.  
The reviews conducted in Chapters Two and Three are also notable. The systematic 
review conducted in Chapter Two is the first review to synthesize the available literature to 
provide an overview of SETs and SET research within firefighting. The review conducted in 
Chapter Three involved the development and implementation of a method for evaluating the 
ecological and content validity of SETs. This review was also the first review to evaluate the 
ecological and content validity of SET protocols for firefighting. 
7.4 Limitations 
The present thesis adds to our understanding of the validity and reliability of SETs and 
informs the development and implementation of SETs with ecological and content validity. 
However, as with most research there are limitations. 
7.4.1 Environmental Conditions 
The most obvious limitation of the current study is the absence of environmental 
conditions during the SET. The environmental conditions are one component of a fire 
emergency well established to greatly impact firefighters and is therefore highly pertinent to 
the overall ecological validity of a SET. Though necessary for high validity of the SET, the 
facilities required to simulate live-fire that would allow for the inclusion of environmental 
conditions are not easily accessible. Furthermore, with the addition of the new component, the 
cognitive tasks, newly tested within the SET environment, conducting the novel SET without 
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environmental conditions was necessary to ensure the safety of the firefighters and the 
researchers. However, the addition of environmental conditions would likely lead to increases 
in the observed results of the current research, particularly the physiological and psychological 
responses. 
7.4.2 Sample 
The small sample size is also a limitation and is one possible reason for the lack of 
statistical change or associations. It is possible in a larger sample size effects and changes in 
means would have reached statistical significance. It is important to note that fire departments 
can range in number of members and although the sample is small, it is a sample of 40% of 
the active firefighters in the fire department where recruitment for the study occurred. This 
sample size is also consistent with the sample sizes of previous SET research which on average 
was around 35 participants. Additionally, the sample in the current study is all male. However, 
this imbalance is common among firefighting research and it is often argued that this 
imbalance is representative of firefighter populations as there are less females employed in 
the occupation. The reviews in Chapter Two and Three, note the underrepresentation of 
females with only 108 females (3%) out of 3454 participants as well as no SET research 
conducted with female only samples. Nevertheless, previous research acknowledges that 
males and females respond differently psychologically and physiologically to stress (Almela 
et al, 2011) and exercise (McDowell et al.,2016) and therefore more research is needed with 
female populations to increase our understanding of all firefighters. In terms of firefighting, it 
is common for workloads and physical fitness requirements to differ between males and 
females and therefore SET research including more females or with female only samples 
would help to understand if SETs can be standardized across both male and female 
populations or if adaptations would be necessary. 
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7.4.3 Cognitive Tasks 
The two cognitive tasks selected for inclusion within the novel SET could be a 
limitation of the current research. This was the first time a SET included either the TOL task 
or a memory recall task. Previous research has used the CPT (Greenlee et al., 2014) which 
measures reaction time and correct responses, the PASAT (Hemmajto et al., 2017a; 2017b; 
Zare et al., 2018) which measures correct response only, or the Stroop task (Marcel-Millet et 
al, 2018). The choice of cognitive tasks within the current research was guided by the literature 
and the NFPA 1001, Standard for Fire Fighter Professional Qualifications. The goal was to 
select tasks that engaged cognitive functions relevant to job functions of firefighters. These 
include cognitive functions such as information processing, memory recall, and decision 
making, problem-solving, planning, vigilance and concentration. Several job tasks outlined 
by the NFPA required engaging in problem-solving and memory recall. Tasks such as 
“relaying information to the incident commander and other personnel during fire suppression” 
and “moving debris to reach an individual in need or locating the source of fire.” Therefore, 
the current research selected two tasks, a memory recall task and a problem-solving task (the 
TOL), to be included within the SET. The TOL was then modified to also be physically 
demanding using larger and heavier boxes and the memory recall task was modified to include 
stimuli that was relevant to a fire emergency. These modifications were made to make the 
tasks more specific to firefighting. This was likely achieved since firefighters rated the tasks 
to be relevant to firefighting. However, the novelty of these tasks, the modifications, and the 
lack of additional SET research including these tasks make the results of the current study 
difficult to compare to the (already) small body of research that has begun to incorporate 
cognitive task into SETs.  
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7.4.4 Type of Firefighting 
Lastly, the current research may not be directly generalizable to other types of 
firefighting such as wildland firefighting. Wildland firefighting differs from structural 
firefighting in magnitude and duration of fireground operations. Wildland firefighting usually 
involves containment of fire spread and then suppression in remote, natural areas, with 
relatively longer response times (Sharkey, 1981). Structural firefighting involves rapid 
response, due to the locations of stations within densely populated regions, and rapid 
suppression of fires in individual buildings to prevent as much loss of life and property as 
possible at time of arrival. However, these two types of firefighting are not completely 
dissimilar. Both involve wearing heavy PPE, carrying and moving equipment and exposure 
to extreme environmental conditions such as live-fire, heat, and smoke, completing physically 
demanding tasks, dealing with threats and making time-sensitive decisions. Therefore, it 
would not be unusual to see similar issues within simulated fire emergencies used for wildland 
firefighting training or evaluation and it is possible that this investigation could be extended 
in future work to examine the validity of wildland firefighting SETs and whether or not 
psychological demands are also included in these SETs.  
7.5 Reflections  
The present research and other research conducted within and directly applicable to 
the real world is necessary and worthwhile, however there are some notable challenges of 
conducting research within a fire department or with firefighters that should be mentioned. 
Real world research involving firefighters is complex and generally involves many moving 
parts. This includes working around schedules and shift work, rotating shifts, training, and 
organizing testing without disrupting day to day work and activities. Additionally, there can 
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be challenges in securing access to facilities, structures and equipment necessary for testing 
under the relevant conditions. 
From my experience working with the fire service over the course of the current 
research project, I would recommend the following suggestions for researchers considering 
working with fire departments. First, start at the top by engaging management and officers 
by presenting the research objectives and benefits to develop rapport and gain support. This 
will allow for easier access to facilities, schedules and personnel. It would also be helpful to 
outline outputs of the research relevant to the fire department or what the fire department 
will receive from participating in the research. Second, when possible conduct testing of 
personnel on-site to reduce the commitment of participants and the disruption of schedules 
and everyday activities and responsibilities. Third, create interest and motivation for 
personnel to participate and continue to participate throughout longitudinal research. This 
will be helpful in reducing attrition and ensuring compliance and adherence of participants. 
Fourth, continue to engage with management during the project, providing updates and 
presenting results. This will also make it easier to ask for additional time to continue 
research or schedule additional research without delaying the project timeline. Lastly, plan 
to present results of the research or outputs of the research to participants and management. 
This provides some feedback for their participation and directly disseminates the research to 
an audience that could directly apply your findings to the real-world. Considering these 
suggestions will assist future researchers in conducting research with firefighters. 
7.6 Future Directions 
One of the key methodological advances of this thesis is the inclusion of psychological 
demands, namely through incorporating cognitive tasks within the SET. Theoretically it 
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makes sense that cognitive performance or cognitive load in highly demanding environments 
would impact an individual’s responses and performance. More work is needed to establish if 
this inclusion does increase the psychological demands of the SET to the extent and at a level 
complex enough to that of a fire emergency. Future research should continue to work towards 
validation and development of more robust SETs. The addition of cognitive tasks within a 
SET is only one of the many psychological demands that firefighters encounter during the fire 
emergency environment. Future research should consider other psychological demands or 
more complex cognitive tasks. Several job tasks require other cognitive functions such as 
information processing, decision making, vigilance and concentration. Working to develop 
validated and relevant cognitive tasks suitable for use in SETs is another gap in the firefighting 
research that this thesis highlighted, which is an area for development in future research.  
Continuing to explore cognitive performance during firefighting is also important. 
This is an area of research that could greatly contribute to maintaining the safety and health 
of firefighters. Future research should consider different methods of evaluation of cognitive 
performance aside from the inclusion of additional or validated cognitive tasks. For example, 
THINCS: The incident command skills of UK Fire and Rescue Services, a behavioural marker 
system developed to examine the presence of non-technical skills of incident commanders 
responding to a fire emergency evaluates performance of incident commanders based on a set 
of observable behaviours that relate to the non-technical skills (Butler, Honey & Cohen-
Hatton, 2020). Under the THINCS framework, these non-technical skills include effective 
decision making and planning, communication, and situational awareness, which the current 
research has highlighted as cognitive functions relevant to firefighting. Therefore, a similar 
evaluation of behavioural markers could be included within a SOP for SETs or THINCS could 
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be adapted to evaluate firefighters engaging in fire suppression within the fire emergency and 
included within the SOP. This could also provide behavioural markers of performance 
expanding the measures or outcomes of performance beyond the physical or physiological 
outcomes (i.e. time to complete, heart rate) that are typically included in SETs or SET 
research. THINCS or an adapted version of THINCS could also provide a method of assessing 
a “mental fitness” component of fitness for duty.  
Additionally, this research focused mainly on the “what SETs should look like” but 
further research is needed on procedures and standard practices for “how” SET should be 
implemented. This would involve research into training and learning methods. Developing 
SOP for using SETs for assessment and training could include methods that address some of 
the difficulties of implementing SETs. For example, incorporating SETs using phased training 
(Keinan, 1988; Keinan & Friedland, 1996) which would include three phases (1) classroom 
learning (2) SETs without hazards (environmental conditions) (3) and SETs with 
environmental conditions. A similar method is employed by Robinson et al., (2013). This 
method could allow for the use of SETs with and without environmental conditions. This 
would allow for more frequent training where SETs can be used without environmental 
conditions as well as occasions where environmental conditions must be present. However, 
high-stakes assessments should only occur during the final phase where the SET is the most 
generalizable to the emergency environment. 
Future research should also consider perceptual responses. Perceptual responses were 
not collected during the SET in the current study due to the lack of environmental conditions. 
However, perceptual responses can greatly influence physiological and psychological 
reactions to environmental demands (Acevedo & Ekkekakis, 2001) and interact with cognition 
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and performance. Perceptual responses include constructs such as perceived exertion, 
respiratory distress, thermal sensation, and felt arousal (Marras & Hancock, 2014). Including 
perceptual measures would provide further information regarding the mechanisms involved 
in cognitive impairments, performance decrements, and changes in psychological states that 
occur during firefighting.  
7.8 Conclusion  
Collectively, the results of this thesis inform on the current state of SETs, the 
ecological and content validity of existing SET, areas of improvement in existing SETs, and 
provide the first steps toward validating a more robust SET that includes psychological along 
with physical and physiological demands. The findings of this thesis extend the available 
knowledge on the inclusion of psychological demands within SETs, validating SETs, 
validating cognitive tasks for use within SETs, and cognitive performance during firefighting. 
It also provides support for the argument on the importance of evaluating and researching 
firefighters within the emergency environment using SETs and updating fitness for duty to 
include “psychological or mental fitness”. Future research should continue working towards 
validating SETs and cognitive tasks for use within SETs. Additional psychological demands 
of firefighting should be considered. As well, including environmental conditions when 
implementing the SET designed in the current research could further extend the results 
observed. These results can be directly applied towards the development of a proposed SOP 

























The current chapter presents a SOP for implementing a SET for the purposes of 
training, assessing, and researching firefighters, thereby addressing aim four and objective 
five of this thesis. The findings from Chapter Two and Chapter Three informed the 
components of this SOP relevant to the physical, physiological, and psychological demands 
of firefighting. Chapter Three also highlighted the missing psychological demands from 
majority of existing SET protocols. Thus, providing a strong rationale for the research studies 
conducted and reported in Chapters Four, Five, and Six, which sought to validate the addition 
of psychological demands within a SET. This Chapter presents a SOP in the technical format 
for publishing standards followed by the NFPA, a governing organization for firefighting with 
the largest national and international following. This SOP, when implemented aims to produce 
SETs that are ecologically valid and reliable that encapsulate all components of firefighting, 
including the psychological demands along with the physical and physiological demands. 
8.2 Statement of the problem 
Simulated emergencies for training and evaluating personnel have become a preferred 
method implemented in firefighting, a high-reliability occupation that commonly exposes 
personnel to concurrent physical, physiological and psychological demands within the 
emergency environment. For firefighters training and skill development prior to fire exposure 
in real life is necessary to ensure health and safety of all involved. Despite the growing use of 
SETs in both professional firefighting and firefighting research, there are few systematic and 
reliable empirical data (Gledhill & Jamnik, 1992; Oldham et al., 2000; Plat et al., 2010; 




A recent review of the existing literature including SETs and existing firefighting 
standard operating procedures for training and assessment, revealed the current state of SETs 
to include many existing SET protocols and a range in topics researched using SETs, with a 
notable absence of validation research and the subsequent lack of a standard operating 
procedure to be followed for implementing SETs for research, training, and assessment 
purposes. Following an evaluation of the ecological and content validity of the identified 
existing SET protocols implemented in firefighting it was revealed that a majority of the 
existing SETs did not include tasks and/or representations of the psychological demands 
encountered during fire emergencies, highlighting the need for this inclusion in order to 
improve the general validity and reliability of SETs. These noted findings were then explored 
further in order to provide evidence and validation for the inclusion of psychological demands 
within a SET. The results of this research, along with the information from the reviews, were 
applied to the development of a SOP for implementing more robust SETs with ecological and 




8.3.1.1 This standard shall contain the proposed minimum requirements for implementing 
simulated emergency tasks. 
8.3.1.2 The minimum requirements for implementing simulated emergencies shall comprise 





8.3.2.1 The purpose of this standard shall be to provide a process for implementing simulated 
emergencies for training, assessment, and research purposes. 
8.3.2.2 The purpose of this standard shall be to provide a process for implementing simulated 
emergencies to ensure all components of firefighting necessary to elicit realistic responses and 
performance from firefighters in order to ensure accuracy, validity, and reliability of data 
collected for  assessment, training and research purposes. 
8.3.3 General 
8.3.3.1 It is not required for the components to be incorporated in the order in which they 
appear. The authority having jurisdiction shall establish instructional priority and the 
simulated emergency content to prepare individuals to meet the job performance requirements 
of the standards of a recognized governing body. 
8.3.3.2 For training and assessment purposes, performance of each requirement of this 
standard shall be evaluated by individuals approved by the authority having jurisdiction. 
8.3.3.3 For research purposes, performance of each requirement of this standard shall be 
evaluated by individuals approved by the University Ethics Committee. 
8.3.4 Application- training, assessment, and research 
8.3.4.1 This standard identifies the minimum requirements for implementing simulated 
emergency tasks for training, assessing, researching recruit, career, and volunteer firefighters 
whose duties are primarily structural in nature. 
8.3.4.2 Procedures for implementing simulated emergencies that involve marine structures or 
vessels and ground cover or wildland fires shall not be covered in this standard. 
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8.3.4.3 Procedures for simulated emergencies implemented for the sole purpose of training 
individuals for fire cause and origin investigation shall not be covered in this standard. 
8.3.4.4 This standard shall provide the location of the appropriate procedures and 
requirements which are outlined in existing NFPA Standards, that shall be followed to ensure 
health and safety of all participants. 
8.4 Referenced Publications 
8.4.1 General 
8.4.1.1 The documents or portions thereof listed in this section are referenced within this 
standard and shall be considered part of the requirements of this document.  
8.4.2 NFPA Publications 
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 2019 Edition 
NFPA 1403, Standard on Live-Fire Training Evolutions, 2018 Edition 
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 2018 
Edition. 
NFPA 1582, Standard on Comprehensive Occupational Medical Program for Fire 
Departments, 2018 Edition 
NFPA 1971, Standard on Protective Ensembles for Structural Fire Fighters and Proximity 
Firefighting, 2018 Edition. 
NFPA 1975, Standard on Station/Work Uniforms for Fire and Emergency Services, 2019 
Edition 
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for 
emergency services, 2019 Edition. 
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NFPA 1982, Standard on Personal Alert Safety System (PASS), 2018 Edition. 
8.4.3 Other Publications 
Merriam-Webster’s Collegiate Dictionary, 11th Edition, Merriam-Webster, Inc., Springfield, 
MA, 2003 
Please See Appendices X for list of references. 
8.5 Definitions 
8.5.1 General 
8.5.1.1 The definitions contained in this section shall apply to the terms used in this standard. 
Where terms are not defined in this section or within another section, they shall be defined 
using their ordinarily accepted meanings within the context in which they are used. Merriam-
Webster’s Collegiate Dictionary, 11th Edition, shall be the source for the ordinarily accepted 
meaning. 
8.5.2 NFPA Official Definitions 
8.5.2.1 Authority Having Jurisdiction (AHJ). An organization, office, or individual 
responsible for enforcing the requirements of a code or standards, or for approving equipment, 
materials, an installation or procedure. 
8.5.2.2 Shall. Indicates mandatory requirement. 
8.5.2.3. Should. Indicates a recommendation or that which is advised but not required. 
8.5.2.4 Standard. A document, the main text of which contains only mandatory provisions 
using the word “shall” to indicate requirements and which is in a form generally suitable for 
mandatory reference by another standard or code or for adoption into law. Nonmandatory 
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provisions shall be located in an appendix or annex, footnote, or fine-print note and are not to 
be considered a part of the requirements of a standard.  
8.5.3 General Definitions  
8.5.3.1 Evolution. A set of prescribed actions that result in an effective simulated emergency 
task. 
8.5.3.2 Firefighter. Any personnel who is qualified to engage in fire suppression.  
8.5.3.3 Fire Apparatus. A vehicle designed to be used under emergency conditions to transport 
personnel and equipment, and to support the suppression of fires and mitigation of other 
hazardous situations. 
8.5.3.4 Fire Suppression. All activities performed at the scene of a fire incident or training 
exercise that expose fire department members to the dangers of heat, flame, smoke, and other 
products of combustion, explosion or structural collapse. 
8.5.3.5 Job Performance Requirement (JPR). A statement that describes a specific job task, 
lists the items necessary to complete the task, and defines measurable or observable outcomes 
and evaluation areas for the specific task. 
8.5.3.6 Instructor. An individual qualified by the authority having jurisdiction to deliver fire 
fighter training, who has the training and experience to supervise firefighters during a 
simulated emergency task. 
8.5.3.7 Instructor-in-charge. An individual qualified as an instructor and designated by the 
authority having jurisdiction to be in charge of the simulated emergency task. 
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8.5.3.8 Live fire. Any unconfined open flame or device that can propagate fire to the building, 
structure, or other combustible materials. 
8.5.3.9 Participant. Any firefighter who is present at the simulated emergency task for the 
purpose of receiving training, assessment, or involvement in research. 
8.5.3.10 Personal Protective Clothing. The full complement of garments firefighters are 
normally required to wear while on emergency scene including turnout coat, protective 
trousers, fire-fighting boots, firefighting gloves, a protective hood, and a helmet with eye 
protection. 
8.5.3.11 Personal Protective Equipment. Consists of full personal protective clothing, plus a 
self-contained breathing apparatus (SCBA) and a personal alert safety system (PASS) device. 
8.5.3.12 Principal investigator. An individual qualified as a researcher and designated by the 
authority having jurisdiction to be in charge of the simulated emergency task. 
8.5.3.13 Researcher. An individual qualified by the authority having jurisdiction to conduct 
research, who has the training and experience to supervise firefighters during a simulated 
emergency task. 
8.5.3.14 Safety Officer. An individual appointed by the authority having jurisdiction as 
qualified to maintain a safe working environment at all simulated emergency tasks. 
8.5.3.15 Self-Contained Breathing Apparatus (SCBA). A respirator worn by the user that 
supplies a respirable atmosphere, that is either carried in or generated by the apparatus, and 
that is independent of the ambient environment. 
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8.5.3.16 Structural Fire Fighting. The activities of rescue, fire suppression, and property 
conservation in buildings, enclosed structures, aircraft interiors, vehicles, or like properties 
that are involved in a fire emergency. 
8.5.3.17 Simulated Emergency Task (SET). An evolution of two or more physically 
interactive occupational tasks presented within a setting designed to be representative of the 
environment of a fire emergency. 
8.5.3.18 Task. A specific job behaviour or activity.  
8.5.3.19 Training structure. 
8.5.3.19.1 Acquired Structure. A building or structure acquired by the authority having 
jurisdiction from a property owner for the purpose of conducting a simulated emergency task. 
8.5.3.19.2 Live Fire training structure. A structure specifically designed for conducting a live 
fire simulated emergency task on a repetitive basis.  
8.6 Prerequisites 
8.6.1 Participant prerequisites. 
8.6.1.1 Prior to being permitted to partake in a simulated emergency task, the participant shall 
have received training to meet the job performance requirements for Fire Fighter I in NFPA 
1001, Standard for Fire Fighter Professional Qualifications, related to the following subjects: 
(1) Safety 
(2) Fire behaviour 
(3) Portable extinguishers 




(6) Fire hose, appliance, and streams 
(7) Overhaul 
(8) Water supply 
(9) Ventilation 
(10) Forcible Entry 
8.6.1.2 Participants who have received the required minimum training from other than the 
authority having jurisdiction shall not be permitted to participate in any simulated emergencies 
without first presenting prior written evidence of having successfully completed the 
prescribed minimum training to the levels specified in 8.6.1.1. 
8.6.2 Health screening requirements 
8.6.2.1 Participants task shall meet the medical requirements specified in NFPA 1582, 
Standard on Comprehensive Occupational Medical Program for Fire Departments. 
8.6.2.2 When used for research purposes, a Medical History Questionnaire shall be completed 
by participants prior to partaking in a simulated emergency task. 
8.6.3 Fitness evaluation requirements 
8.6.3.1 Participants shall meet the physical performance and fitness requirements for 
firefighters who engage in fire suppression and emergency operations. 




8.6.3.3 When used for research purposes, several requirements shall be adopted to ensure 
participants meet the requirements to be involved in a simulated emergency task. These 
include: 
(1) A Physical Activity Readiness Questions 
(2) An aerobic capacity test (VO2 maximum) or a VO2 sub-maximal test 
8.6.4 Prerequisites for research 
8.6.4.1 University ethics approval 
8.6.4.1.1 Prior to implementing a simulated emergency tasks for research purposes, the 
principal investigator(s) and/or researcher(s) shall obtain ethical approval from the governing 
committee at the organization or university of membership. 
8.6.4.2 Approval of participation with the authority having jurisdiction 
8.6.4.2.1 Prior to implementing a simulated emergency task for research purposes, and/or 
recruiting participants from a fire department, the principal investigator(s) and/or 
researcher(s) shall obtain permission for personnel to participate from the authority having 
jurisdiction. 
8.7 Demands of Firefighting  
8.7.1 General 
8.7.1.1 The information contained in this section outlines and substantiates the demands of 
firefighting that shall be included in a simulated emergency task.  
8.7.2 Model of the Demands of Firefighting 
8.7.2.1 Firefighting is a high-reliability occupation that exposes personnel to concurrent 
physical, physiological, and psychological demands within the emergency environment. 
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8.7.3 Physical demands 
8.7.3.1 Physical Demands include: 
(1) Completing tasks related to job performance requirements. 
The physical demands of firefighting result from the tasks related to firefighter job 
performance requirements which involve a high level of physical exertion, energy 
expenditure, and muscular strength and endurance 7-12 and cardiorespiratory fitness. 7, 10,13-16 
(2) Carrying and moving equipment 
During fire suppression, the firefighter uses or carries heavy tools and equipment. This 













8.7.4 Physiological demands 
8.7.4.1 The physiological demands include: 
(1) Environmental conditions (live-fire, heat, and smoke) 
The presence of environmental conditions such as live-fire, heat, and/or smoke17-20 during 
firefighting results in physiological demands such as maximal or exceeding maximal heart 
rates,21-24 with a decrease in stroke volume,22 and an increase in core temperatures 21-22, 25, in 
the levels of blood lactate concentrations.23-24,26 
(2) Wearing PPE and SCBA 
Physiological demands identified throughout the literature include wearing full PPE 25,27-29 
and SCBA.30-32 
8.7.5 Psychological demands 
8.7.5.1 The psychological demands include (but are not limited to) 
(1) Time Urgency 
Psychological demands during firefighting include situations involving novel or infrequent 
problems, time pressure and high uncertainty.33 The firefighter feels pressure to complete 
required tasks quickly in order to reduce the damage to property and the likelihood of injury 
or death to those requiring rescue.22 
(2) Anticipation 
Anticipatory stress is one of the most common stressors firefighters encounter while on duty. 
Throughout their shift firefighters are waiting in anticipation for the alarm to sound34 Once 
the alarm sounds. firefighters spring to action often moving from sedentary to intense physical 
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activity over a short period of time. Once in route to the fire emergency, this anticipation 
continues to build until the firefighter arrives at the emergency scene.35 
(3) Noise 
Noise or a secondary task can reduce the attention allocated to the primary task33. 
(4) Cognitive demands (i.e. decision making, problem solving, recalling and relaying 
information, alertness, etc.) 
In Firefighters completing strenuous firefighting activities impairment has been observed in 
cognitive functions, particularly in search for alternative solutions and making correct 
decision,36 information processing, working memory, rapid assessment, decision making and 
problem solving.37 
(5) Injury or traumatic experience 
(6) Emotional states 
Firefighting results in psychological stress.21-22,25 
Affective reactions, such as anxiety, also draws attention and influences cognitive 
performance.38 Responses of high state anxiety can also affect cognitive functioning resulting 
in poor decisions which can lead to poor performance and an increased likelihood of injury 
during emergencies.35 
8.7.6 Incorporating the demands of firefighting 
8.7.6.1 The following components shall be included in a simulated emergency task and can 
be evaluated using a checklist. [See Appendices X, Appendix 2]. 
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8.7.6.2 The following components shall not be required to appear in the order in which they 
are listed in this standard. 
8.7.6.3 Inclusion of all of the listed components within a simulated emergency task increases 
the robustness and validity of the simulated emergency task to fully encapsulate the demands 
of firefighting.  
8.7.6.4 In the case, one or more component is not included in a simulated emergency task, the 
validity of the simulated emergency task shall be reduced.  
8.7.6.5 For research purposes, the missing component(s) shall be stated as a limitation to the 
research study. 
8.8 Components of a Simulated Emergency Task 
8.8.1 Environmental conditions 
8.8.1.1 A simulated emergency task should include environmental conditions. These 




8.8.1.2 A simulated emergency task that includes live-fire, heat, and smoke shall be 
considered the most ecologically valid environmental conditions for simulating a firefighting 
emergency.  
8.8.1.3. Non-live fire 
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8.8.1.3.1 When a simulated emergency task does not include environmental conditions, the 
simulated emergency task shall be considered to have a less than ecologically valid 
environment for simulating a fire emergency. 
8.8.1.3.2 An evolution of the simulated emergency task without environmental conditions or 
prior to the addition of environmental conditions should be conducted to provide 
familiarization to firefighters in order to reduce the risk of injury. 
8.8.1.4 Fuel Material 
8.8.1.4.1 For live-fire conditions, in order to ensure safety of all participants, fuel materials 
should be implemented as defined in NFPA 1403, 4.3.1-4.3.8 
8.8.1.4.2 For live-fire conditions, a simulated emergency task shall be stopped when a 
potential hazard is identified as described in NFPA 1403, 4.3.9-4.3.10 
8.8.1.5 Extinguishing live-fire conditions 
8.8.1.5.1 For extinguishing, controlling, and protecting property while implementing live-fire 
conditions during a simulated emergency task, standards as described in NFPA 1403, 4.2.23-
4.2.23.3 shall be followed. 
8.8.1.6 Familiarization 
8.8.1.6.1 Prior to the conduct of a simulated emergency task using live-fire or smoke 
conditions, a “preburn” brief session shall be conducted for all participants, in which all facets 
of each evolution to be conducted are discussed and assignments for all who are participating 
in the simulated emergency task are given. 
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8.8.1.6.2 The location of simulated victims shall not be required to be disclosed, provided that 
the possibility of victims is discussed during the “preburn” briefing. 
8.8.1.6.3 A “preburn” plan shall be prepared and shall be utilized during the “preburn” briefing 
sessions. 
8.8.1.6.4 All features of the simulated emergency task and structure shall be indicated on the 
“preburn” plan. 
8.8.1.6.5 Prior to the conduct of a simulated emergency task using live-fire or smoke 
conditions, all participants shall be required to conduct a walk-through of the structure in order 
to have knowledge of and familiarity with the layout of the structure and to facilitate any 
necessary evaluation of the structure. 
Note: Heat though may effect participants, does not limit visibility which would increase the 
likelihood of a slip, trip, or fall injury and therefore a simulated emergencies task using 
(artificial) heat-only conditions do not require the same precautions as live-fire and smoke 
conditions. 
8.8.1.7 Ignition officer 
For live-fire or smoke conditions, one person who is not participating in the simulated 
emergency task shall be designated the “ignition officer” to control materials being burned or 
smoke being produced and shall act in accordance to NFPA 1403, 4.4.19.1-4.4.19-4 standards. 
8.8.2 Training Structure 




8.8.2.2 Structural integrity and safety shall be evaluated in accordance to NFPA 1403, 5.2.2.1-
5.2.2.5 
8.8.2.3 Structures that will contain live fire conditions shall be constructed of the appropriate 
material to handle extreme temperatures. 
8.8.2.4 Approved Structures 
(1) Live-fire structure 
(2) Smoke-diving chamber 
(3) Training building/tower 
(4) Firegrounds 
(5) Acquired structure 
8.8.2.5 Any structure that is considered for a simulated emergency task shall be prepared for 
the simulated emergency task.  
8.8.2.6 Preparation shall be outlined and included in the applications for required permits, 
permissions, or ethical approvals. 
8.8.2.7 Preparation shall be conducted in accordance to NFPA 1403, 4.2.3-4.2.17. 
8.8.2.8 Structures or locations that cannot be made safe in accordance to NFPA 1403, 4.2.3-
4.2.17 as required by this section shall not be utilized for simulated emergency tasks. 
8.8.2.9 Areas for the staging, operating, and parking of fire apparatus that are used in the 
simulated emergency task shall follow NFPA 1403, 4.2.24-4.2.24.5. 
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8.8.2.10 All spectators shall be restricted to an area outside the operations area perimeter 
established by the safety officer. 
8.8.2.11 Control measures such as ropes, signs, and fire line markings shall be posted to 
indicate the perimeter of the operations area. 
8.8.2.12 Visitors who are allowed within the operations area perimeter shall be escorted at all 
times. 
8.8.3 Tasks 
8.8.3.1 This component involves performing activities necessary to ensure life safety, fire 
control, and property conservation, according to job performance requirements as listed in 
NFPA 1001, Standard for Fire Fighter Professional Qualifications. The following tasks that 
should be incorporated include: 
8.8.3.2 Forcible entry 
8.8.3.2.1 Forcing entry into a structure, so that tools are used as designed, the barrier is 
removed, and the opening is in a safe condition and ready for entry.  
8.8.3.3 Equipment carry 
8.8.3.3.1 Transporting and operating equipment including ladders, hand and power tools, hose 
lines, extinguishers, pumps, etc. 
8.8.3.4 Search 
8.8.3.4.1 Conducting a search in a structure, given obscured vision conditions, personal 
protective equipment, a flashlight, forcible entry tools, hose lines, and ladders when necessary, 
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so that ladders are correctly place when used, all assigned areas are searched, all victims are 
located and removed. 
8.8.3.5 Rescue 
8.8.3.5.1 Extricating a victim entrapped, given obscured vision conditions, and the victim is 
disentangled without further injury and hazards are managed. 
8.8.3.6 Ladder work 
8.8.3.6.1 Carrying ladders, raising ladders, extending ladders and locking flies, determining 
that a wall and roof will support the ladder, judging extension ladder height requirements, and 
placing the ladder to avoid obvious hazards. 
8.8.3.7 Fire extinguishing 
8.8.3.7.1 Extinguishing fires in exterior Class A materials, given fires in stacked or piled and 
small unattached structures or storage containers that can be fought from the exterior, attack 
lines, hand tools and master stream devices, so that exposures are protected, the spread of fire 
is stopped, collapse hazards are avoided, water application is effective, the fire is extinguished, 
and signs of the origin area(s) and arson are preserved. 
8.8.3.7.2 Attacking an interior structure fire, deploying an attack line for advancement, using 
effective water application practices, correctly approaching the fire, using attacking 
techniques to facilitate suppression given the level of the fire, locating and controlling hidden 
fires, maintaining the correct body posture, recognizing and managing hazards so that the fire 
is brought under control. 
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8.8.3.7.3 Extinguishing incipient Class A, Class B, and Class C fires, given a selection of 
portable fire extinguishers, so that the correct extinguisher is chosen, the fire is completely 
extinguished, and correct extinguisher-handling techniques are followed. 
8.8.3.8 Hose advancement 
8.8.3.8.1 Executing effective advances and retreats, applying various techniques for water 
application. 
8.8.3.8.2 Operating handlines or master streams, breaking up material using water streams, 
evaluating for complete extinguishment, operating hose lines and other water application 
devices, evaluating and modifying water application for maximum penetration, searching for 
and exposing hidden fires, assessing patterns for origin determination and evaluating for 
complete extinguishment. 
8.8.3.9 Ventilation 
8.8.3.9.1 Performing horizontal ventilation on a structure, so that the ventilation openings are 
free of obstructions, tools are used as designed, ladders are correctly placed, ventilation 
devices are correctly placed, and the structure is cleared of smoke. 
8.8.3.9.2 Transporting and operating ventilation tools and equipment and ladders and to use 
safe procedures for breaking window and door glass and removing obstructions. 
8.8.3.9.3 Performing vertical ventilation on a structure, so that ladders are positioned for 
ventilation, a specified opening is created, all ventilation barriers are removed, structural 
integrity is not compromised, products of combustion are released from the structure, and 
retreat from the area when ventilation is accomplished. 
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8.8.3.9.4 Transporting and operating ventilation tools and equipment: hoisting ventilation 
tools to a roof, cutting roofing and flooring materials to vent flat roofs, pitched roofs, and 
basements, sound roof integrity, clearing an opening with hand tools, select, carry, deploy, 
and secure ground ladders for ventilation activities; deploying roof ladders on pitched roofs 
while secured to a ground ladder; and carrying ventilation-related tools and equipment while 
ascending and descending ladders. 
8.8.3.10 Crawl 
8.8.3.10.1 Operating in vison obscured conditions, locating and following a guideline, 
conserving air supply, and evaluating areas for hazards and identifying a safe haven. 
8.8.3.10.2 Manoeuvring with SCBA to exit through restricted passages. 
8.8.3.11 Overhaul 
8.8.3.11.1 Overhauling a fire scene so that structural integrity is not compromised, all hidden 
fires are discovered, fire causation evidence is preserved, and the fire is extinguished. 
8.8.3.11.2 Removing flooring, ceiling, and wall components to expose void spaces without 
compromising structural integrity; applying water for maximum effectiveness; exposing and 
extinguishing hidden fires in walls, ceilings, and subfloor spaces; recognizing and preserving 
obvious signs of area of origin and arson; and evaluating for complete extinguishment. 
8.8.3.12 Pump operation 
8.8.3.12.1 Connecting a fire department pumper to a water supply, given supply or intake, 
hose tools, and a fire hydrant or static water source, so that connections are tight and water 
flow is unobstructed. 
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8.8.3.12.2 Hand laying a supply hose, connecting and placing hand suction hose for drafting 
operations, deploying portable water tanks as well as the equipment necessary to transfer 
water between and draft from, making hydrant to pumper hose connections for forward and 
reverse lays, connecting supply hose to a hydrant, and fully opening and closing the hydrant 
8.8.3.13 Lighting 
8.8.3.13.1 Illuminating the emergency scene, given fire service electrical equipment and an 
assignment, so that designated areas are illuminated, and all equipment is operated within the 
manufacturers listed safety precautions. 
8.8.3.13.2 Operate department power supply and lighting equipment, deploying cords and 
connectors, resetting ground-fault interrupter (GFI) devices, and locating lights for best effect. 
8.8.3.14 Equipment Hoist 
8.8.3.14.1 Hoisting tools and equipment using ropes and the correct knot; tying a bowline, 
clove hitch, figure eight on a bight, half hitch becket or sheet bend, and safety knots; and 
locating information in departmental documents and standard or code materials. 
8.8.3.15 Incident command 
8.8.3.15.1 Determining the need for command, organizing and coordinating an incident 
management system until command is transferred, and functioning within an assigned role in 
the incident management system. 
8.8.3.15.2 Communicating need for team assistance, using fire department communications 
equipment, and standard operating procedures (SOPs), so that the supervisor is consistently 
informed of team needs, SOPs are followed, and the assignment is accomplished safely. 
188 
 
8.8.3.16 Recommended Additions: 
8.8.3.16.1 In addition to the task related to job performance requirements listed in NFPA 1001, 
the following tasks shall be considered relevant tasks that should be included in a simulated 
emergency task. These tasks include: 
8.8.3.16.2 Physical Task(s) 
(1)  Stair climbing 
Ascending and descending flights of stairs, safely and at a rate suitable to the situation, while 
wearing full personal protective clothing and SCBA and/or carrying equipment, advancing 
hoses, and assisting in search and rescue activities.  
Stair climbing has been reported in several studies to be the most aerobically demanding task 
firefighters often engage in with aerobic demands ranging from 40 to 45 ml/kg/min (Holmer 
& Gavhed, 2007; Lemon & Hermiston, 1977; Mamen et al., 2013). As well, during climbing 
activities firefighters are likely to be carrying additional equipment or rescuing victims which 
could add to the workload leading to increased aerobic demands. Blacker et al. (2016) and 
Stevenson et al. (2016) included stair climbing among the occupational tasks identified as 
essential and reflective of the activities that firefighters are expected to perform. 
8.8.3.16.3 Psychological Tasks 
(2) Cognitive Task(s) 
(2.1) Problem Solving 
A problem-solving task involves a specific starting and ending goal states with a set of 
behaviours that can progress one state into the other.39 This set of behaviours includes mental 
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representation and manipulation of task elements, maintenance of tasks goals, inhibition of 
goal irrelevant information and behaviours, and planning.40 
(2.2) Working Memory 
A working memory task involves the temporary storage of information to be later recalled 
while processing other information. A working memory task can include visual or audio 
stimuli to be recalled.41 
(3) Stress response 
Stress response could include, but not limited, to responding to the following: 
(3.1) Injury 
(3.2) Emotional situation 
(3.3) Traumatic Event 
8.8.3.16.3.1 Additional Considerations for Implementing a Psychological Task 
(1) Timing of Task 
The instructor in charge shall determine the timing or order in which the psychological task is 
completed. Timing includes: 
(1.1) During 
(1.2) Before/After 
Research has determined the timing in which the psychological task in occurs in relation to 
the simulated emergency task is critical in understanding the effect this type of task has on 
firefighters and relevant performance requirements.42-43 
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8.8.4 Personnel Protective Clothing and Equipment 
8.8.4.1 Each participant shall complete the simulated emergency task with full protective 
clothing and self-contained breathing apparatus (SCBA). 
8.8.4.2 Protective coats, trousers, hoods, footwear, helmets, and gloves shall have been 
manufactured to meet the requirements of NFPA 1971, Standard on Protective Ensembles for 
Structural Fire Fighting and Proximity Fire Fighting. 
8.8.4.3 SCBA shall have been manufactured to meet the requirements of NFPA 1981, 
Standard on Open-Circuit Self Contained Breathing Apparatus (SCBA) for Emergency 
Services. 
8.8.4.4 Where station or work uniforms are worn by any participant, the station or work 
uniform shall have been manufactured to meet the requirements of NFPA 1975, Standard on 
Station/Work Uniforms for Fire and Emergency Services. 
8.8.4.5 Personal alarm devices, if applicable and necessary for the simulated emergency task, 
shall have been manufactured to meet the requirements of NFPA 1982, Standard on Personal 
Alert Safety Systems (PASS). 
8.8.4.5.1 Personal alarm devices shall be applicable and necessary if the simulated emergency 
task includes live-fire, smoke, or heat conditions. 
8.8.4.6 All students, instructors, safety personnel, and other personnel participating in a 
simulated emergency task with live-fire, smoke or heat conditions shall wear protective 
clothing and equipment as described in NFPA 1403, 4.4.18.6 & 4.4.18.7. 
8.8.4.7 Safety considerations for personnel equipment 
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8.8.4.7.1 All participants shall be inspected by the safety officer prior to entry into the structure 
containing the simulated emergency task to ensure that the protective clothing and SCBA are 
being worn correctly and are in serviceable condition. 
8.8.5 Role of participant/firefighter 
8.8.5.1 Individually 
8.8.5.1.1 A firefighter must individually be able to meet the minimum job performance 
requirements outlined in NFPA 1001, 4.3.1 and therefore when using a simulated emergency 
task for assessment purposes, the simulated emergency task shall include components in 
which the firefighter can be assessed individually without the presence of a team or partner. 
8.8.5.2 Team 
8.8.5.2.1 A team consists of two or more individuals who have been assigned a common task 
and are in proximity to and in direct communication with each other, coordinate their activities 
as a work group, and support the safety of one another. 
8.8.5.2.2 According to NFPA 1001, firefighters must have the ability to operate as part of a 
team to accomplish the assignment safely, therefor a simulated emergency task should include 
at least one or more task(s) that involves the firefighter working as part of a team but is still 
able to be assessed individually on their ability to work and contribute to the team and the 
accomplishment of the assignment. 
8.8.6 Supervision 
8.8.6.1 Safety Officer 
8.8.6.1.1 A safety officer shall be appointed for all simulated emergency task evolutions 
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8.8.6.1.2 The safety officer shall have the authority, regardless of rank, to intervene and 
control any aspect of the operations when, in his or her judgement, a potential or actual danger, 
accident, or unsafe condition exists. 
8.8.6.1.3 The responsibilities of the safety officer shall include, but shall not be limited to, the 
following: 
(1) Prevention of unsafe acts 
(2) Elimination of unsafe conditions 
8.8.6.1.4 The safety officer shall provide for the safety of all persons on the scene including 
participants, instructors, visitors, and spectators. 
8.8.6.1.5 The safety officer shall not be assigned other duties that interfere with safety 
responsibilities. 
8.8.6.1.6 Additional safety personnel, as deemed necessary by the safety officer, shall be 
located strategically within the structure to react to any unplanned or threatening situation or 
condition. 
8.8.6.2 Instructors 
8.8.6.2.1 All instructors involved in a simulated emergency task shall be qualified to deliver 
fire fighter training by the authority having jurisdiction 
8.8.6.2.2 Instructors shall monitor and supervise all assigned participants during the simulated 
emergency task. 
8.8.6.2.3 The participant to instructor ratio shall not be greater than 5 to 1. 
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8.8.6.2.4 Additional instructors shall be designated when factors such as extreme temperatures 
or large groups are present, and emergencies of long duration are planned.  
8.8.6.3 Instructor-in-charge 
8.8.6.3.1 The instructor in charge shall be responsible for full compliance with this standard. 
8.8.6.3.2 For research purposes, the principal investigator shall be responsible for the full 
compliance with this standard. 
8.8.6.3.3 It shall be the responsibility of the instructor in charge to coordinate overall 
simulated emergency activities to ensure correct levels of safety. 
8.8.6.3.4 For research purposes, if an instructor in charge is not present the safety officer shall 
be responsible for the duties of the instructor in charge if the safety officer has the knowledge 
and skill required deemed by the authority having jurisdiction. 
8.8.6.3.5 When implementing a simulated emergency task for the purpose of research, the 
principal investigator should consult an individual qualified to be an instructor in charge in 
accordance to NFPA standards. 
8.8.6.3.6 Where an instructor in charge is unavailable, the principal investigator shall consult 
a qualified safety officer or the authority having jurisdiction.  
8.8.7 Evolutions 
8.8.7.1 Durations 
8.8.7.1.1 Due to the nature of firefighting, a simulated emergency task should vary in duration 
and number of evolutions in order to represent a fire emergency. These shall be: 
(1) Short-duration (<20 minutes) 
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(2) Long-duration (>20 minutes) 
and 
(3) Single evolution 
(4) Multiple Evolutions (>1) 
8.8.7.2 The instructor in charge shall determine the duration of a simulated emergency task 
for each evolution, including the amount of time necessary to complete the performance 
requirements and the tasks safely. 
8.8.7.3 For research purposes, where there is no instructor in charge, the principal investigator 
shall determine the duration of a simulated emergency task. 
8.8.7.4 Simulated Emergencies with Time Urgency 
8.8.7.4.1 For simulated emergency tasks that incorporate a time urgency and instruct 
firefighters to complete the simulated emergency as quickly as possible, a minimum and 
maximum duration should be determined to ensure the specific level of performance 
predetermined by the instructor in charge or the principal investigator is achieved.  
8.8.7.5 Breaks/Rests 
8.8.7.5.1 Breaks and periods of rest shall be implemented when conducting a simulated 
emergency task that is long-duration or multiple evolutions. 
8.8.8 Procedures 
8.8.8.1 The instructor in charge shall determine the order of procedures to be followed while 
implementing a simulated emergency task. 
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8.8.8.2 For the purpose of research, where an instructor in charge is not available, the principal 
investigator shall determine the order of procedures to be followed while implementing a 
simulated emergency task. 
8.9. Current Limitations with Simulated Emergency Tasks 
8.9.1 Risks 
8.9.1.1 For all intents and purposes, a simulated emergency task can present significant risks 
to personnel. A risk assessment should consider the potential for injury to members and 
actions that can be taken to mitigate those risks. A simulated emergency task poses several 
risks, including but not limited to the following: 
(1) Musculoskeletal injuries 
(2) Trips and Falls 
(3) Overexertion, which might lead to heart-related illnesses 
(4) Cardiac events 
(5) Anxiety and stress 
8.9.2 Environmental Conditions 
8.9.2.1 The most difficult component to incorporate when implementing a simulated 
emergency task is the environmental conditions. The inclusion of environmental conditions is 
not always feasible due to: 
(1) Type of Structure 
(2) Location of Structure 
(3) Accessibility to required equipment and fuel materials 
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Appendix A. Supplementary Tables for Chapter Two. 
Supplementary Table 2.1. Full details of studies on cardiorespiratory demands. 






Method Use of SET Outcomes Main Results 






Measure VO2 in FFs 
performing a series of 
simulated firefighting 
tasks at a self-selected 
pace. 
M (20) 37.4 ± 4.8 n/a Measured VO2 
during a SET. 






During the SET, Average VO2 & HR 
responses were 29.1±8 & 175±7 which 
was 62% of the VO2 max & 95% of HR 
max. EE was 159±23 kcal 
% VO2-max 62(10). 31.5(10.6) VO2 at the 
end of the SET, 183(8) HR 










i) Report the energetic & 
respiratory responses of 
FFs to a simulated 
firefighting exercise  
ii) Analyze energetic & 
respiratory demands 
associated with exhaustive 
firefighting work & 
proposes values for 
classification of work. 
M (15) 34.9 ± 8.3 Professional Measured 
energy & 
respiration 
during a SET. 





Work tasks associated with firefighting 
require considerable energetic demands in 
many conditions close to maximal 
capacity of the individual. AC & 
respiratory minute volumes were high.  
Mean VO2 33.9±4.2, mean HR 168±11.7 
bpm, & RPE 16.4±1.2. Mean VO2 ranged 
from 25.6 to 42.7 ml/kg/min throughout 
the tasks.  
1977 Lemon & 
Hermiston 
The human 
energy cost of 
fire fighting 
i) Evaluate the energy cost 
of selected firefighting 
tasks in terms of total net 
oxygen cost (aerobic 
component & anaerobic 
component), kilocalorie 
equivalents, VO2 (aerobic 
component), recovery 
oxygen uptake (anaerobic 
component), RER, HR & 
the length of the work 
period. 
M (20) 23-43 Professional Measured 
physical & 
physiological 
demands of a 
SET. 
Condition HRmax, VO2-
max (SET & 
lab), RER, 
EE, TT 
Firefighting consists of heavy physical 











Evaluate cardiac strain 
imposed by the test drill 
& to relate strain to VO2 
max & age. 
M (59) 27-54 n/a Measured 
cardiac strain & 
VO2 during a 
SET. 







HR during firefighting ranged from 91 to 
184 bpm corresponding to cardiac strain 
49-99% of HRmax. Estimated mean VO2 
was 26 ml/kg/min approx. 56% of FFs 
VO2-max 







Assess the physiological 
strain on FFs during 
simulated smoke diving in 
heat & to relate this strain 
to their previous work 
experience in smoke 
diving tasks & their 
estimated stress tolerance. 
M (35) 19-27 n/a Measured 
physical strain 
during a SET. 





Mean HR was 150±13, 79±6% HRmax. 
HRpeak was 180±13, 95(6)% of HRmax. 
Oxygen consumption was 2.4±0.5 L/m 
corresponding with 60(12)% (range 41-
101%) of VO2-submax. 
2013 Mamen et 
al. 
A comparison of 
two physical 
Compare the 
physiological demands of 
M (22) 38 ± 7 Experienced Measure 
physiological 
Measure HRpeak, VO2-
max (SET & 
VO2-max increased faster on the 
Canadian test compared to the Norwegian. 
230 
 
ability tests for 
firefighters 
two fire fitness tests: an 8-
minute treadmill walking 
test & a Canadian test 
consisting of 10 
firefighting specific tasks 
carried out in sequence.  
demands on 
SET & compare 




Peak VO2 was as high on the Canadian as 
the Norwegian. Peak HRs & VE did not 
differ on the tests. VO2-max of both tests 
was approx. 45 ml/kg/min 
2010 Perroni et 
al. 






i) Analyze the energy 
requirements & the 
contribution of the aerobic 
& anaerobic energy 
sources during a 
simulated intervention  
ii) ascertain differences in 
mean VO2 & HR during 
closed & open skill 
firefighting tasks & verify 
the relationship between 
time of job completion & 
the fitness level of the 
FFs. 










The firefighting activity posed high 
demands on the FFs 86±5% VO2-max 
Closed & open skill tasks differ for mean 
VO2 & HR & there is no relationship 
between TT & the fitness level of the FFs. 
2010 Williams-







in a high-rise 
structure 
Measure physiological 











Both HR, HRmax 
VO2, TT, 
VO2-max 
During stair climbing VO2 was 75±8% of 
VO2-max. HRs reached 91±3% of HRmax.  
FFs stopped climbing after consuming 
55% of the air cylinder. During search & 
rescue, VO2 as slightly lower 67±10% 





Supplementary Table 2.2. Full details on studies on cardiovascular strain 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 










to help firefighters 
with cardiac 
disease safely 
return to work 









demands of a 
firefighter. 





Condition HR, HRpeak, 
Mean VO2, 
EE 
FFs functional capacity greatly 
exceeded that typically attained 
by patients in traditional cardiac 
rehabilitation programs indicating 
the need for intense occupation-
specific cardiac rehabilitation 
training that will help FFs safely 
return to work after a cardiac 
event 
















30.9 ± 8.6 Career & 
Volunteer 
Measure HR & 
ECG during 
firefighting 
Condition HR, BP, 
ECG 
Three quarters of the cohort 
exceed maximal HRs during a 
prolonged period of fire 
suppression activities in live-fire 
conditions. The ECG data from 
these subjects also demonstrates 
that the exertion of fire 
suppression alters vasovagal 
tones, which was not restored 
during early recovery despite the 
provision of hydration & active 
cooling 




and thermal strain 
of male 
firefighters during 
fire suppression to 
exercise stress and 
aerobic exercise 
testing 
i) Measure the 
strain experienced 
during firefighting 
& compare HR 
responses during 
firefighting to the 
responses during 
exercise testing  




sufficient enough to 
estimate the 
potential risk in real 
emergency 
situations 
M (49) 24.5 ± 3.3 Career Measure strain 
during firefighting 
& compare results 
to fitness tests used 
to predict health 
risk 
Condition HR, ECG, 




During firefighting HRmax was 
higher than the stress test in 66% 
of FFs & higher than during the 
aerobic exercise test in 84% of 
subjects. Fire suppression causes 
extreme cardiocirculatory strain 
with high HR that were not 
sufficiently tested in medical 
exams. 










response to typical 
activities of FFs. 





Condition HR, HRmax, 
BP, EE, RPE 
During the tasks ppts. reached 
nearly maximal HRs, experienced 
increases in BP & RPE, & EE 
exceeded 50kj/min  
232 
 
of fire fighters 
during typical fire 
suppression and 
rescue tasks 











career FFs when 
crawling in turnout 
gear during a search 
exercise 







TT, AC, BP 
Subjects HRs exceeded ACSM 
submaximal testing criteria for 
79% of the subjects, some HR 
responses due to crawling in 
turnout gear were equivalent to 
those expected when performing 
maximal exercise tests. 5 FFs 
completely ran out of SCBA air 
during the search exercise & 16 
finished with critical volume of 
remaining air. 21 of the FFs did 
not have sufficient air for the 
exercise. 








firefighting in a 
building that had a 
simulated fire on 
the 10th floor, 




compare the effect 
of vertical ascent 
mode on cardiac 





rise structure.  
M (42) 30-45 Career Measure the cardiac 
strain of a SET 
Condition HRmax, HR, 
TT, TOET, 
CSI 
HRs were elevated for a 
prolonged period for FFs during 
fire suppression, search & rescue, 
& material support crews. Total 
CSI was greater for search & 
rescue & material support crews 
than for fire suppression crews. 
Ascent mode had a sig. effect on 
cardiac responses, with the use of 
stairs being associated with higher 
HRs & CSI. 





Document the HR 
responses of FFs 
during incident 
rehab following 
activity in high rise 
building with a 
simulated fire on 
the 10th floor. 
M(192) 
F (6) 
34.2 ± 7.8 Career Measure the cardiac 
strain of a SET 
Condition HRpeak, HR, 
EE 
One bout of firefighting activity 
during a simulated fire scenario, 
HR decreased but remained 
elevated well above resting values 





Supplementary Table 2.3. Full details on studies on measuring performance 
Year Author(s) Title Objective(s) Sample Size Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 















training program  
ii) Assess possible 
changes in work 
performance of FFs 
iii) generate (based 
on the foregoing 
observations) 
additional guidelines 
for individualized & 
group exercise 
programs for FFs. 
M (48) 40-42 n/a Measure work 
performance 
Measure HR, TOET, 
TT 
Following 14 weeks of 
exercise, compared to 
controls, FFs showed a sig. 
increase in fitness (VO2-max, 
arm & leg endurance) & job 
performance skills (TT on 
SET). 
2012 Dennison et 
al. 





i) Determine the 
effect of exercise 
induced fatigue on 
the simulated fire 
ground performance 
of trained male FFs.  
ii) Compare the 
simulated fire ground 
performance of 
trained FFs to a 
group of untrained 
FFs. 
M (12) 31.8 ± 6.9 
31 ± 9 
Career Measure 
performance on 
the SET while 
fatigued (F)  & 
compare trained 
(T) vs untrained 
(CON) FFs 
Measure HR, TT, 
BLC, RPE 
Exercise induced fatigue was 
found to negatively affect the 
efficiency of performing a 
standardized SFGT 
quantified by an increase in 
TT. The fireground tasks 
were found to be strenuous 
based on elevated BLC & HR 
responses. RPE was greater 
for F compared to CON. 
Greater increase in HR in the 
F group during the SFGT. 
Regardless of fatigue, the 
trained FFs performed better 
than the untrained FFs with 
faster times.  










of instructors at the 
end of a live-fire 
training exercise to 
establish whether 
they can be 
reasonably expected 
to perform such a 
task. 
M (10) 38.2 ± 4.8 Experienced Compare 
performance on 
SET before & 
after being 
exposed to heat & 
performing safety 
officer duties 
Measure VO2, HR, 
BLC, RPE, 
QOP 
Performing a rescue is a 
demanding task with HR 
being close to the instructors. 
HRmax in both conditions but 
highest in the SET following 
heat exposure. An increase in 
RPE following heat 
exposure. All participants 




2017 Hemmatjo et 
al. 























responses, CF, & 
physical performance 
among examined FFs 
during firefighting & 
rescue operations in 
the smoke diving 
room 
M (22) 31.7 ± 4.9 Professional 
 
 
Measure effects of 
smoke (WS), no-
smoke (NS) on 
physiological 
outcomes & CF 
before & after 
SET & measure 
SET performance 
Both HR, TBody, 
CF: CPT 
(RT, CR) 
HR & Tbody increased sig. in 
NS & WS. HR & Tbody was 
greater in WS than NS. 
Decrease in RT & CR for NS 
& WS. RT & CR was sig. 
lower in WS than NS. 
Performance was worse, 
greater times for WS vs NS. 











speed, & QOP during 
simulated firefighting 
exercise 
M (12) 37 ± 6 n/a Measure 
performance on 
SET after a pre-
warming (PW) 
phase 
Measure HR, TCore, 
Tskin, QOP 
RPE, TBody, 
RPE, TS, TT 
Tcore & Tskin was higher after 
the SET in the PW group 
compared to CON. TT was 
better for the control than the 
pre-warmed group. No 
differences in QOP ranked by 
instructors, self-ranked QOP 
was higher in the control than 
the pre-warmed group. No 
difference in the increase in 
HR. RPE was higher for the 
warm group than the control.  








Determine the effect 
of a novel supervised 
circuit training 
program on the 
physical fitness & 
occupational 
performance of FFs. 
M (20) 23-49 n/a Use SET to 
measure work 
performance 
Measure HR, TT, 
TOET, 
%HRmax 
Exercise improved TT on the 
SET, improved FFs work 
efficiency & decreased the 
perceived work effort.  












influence of UT vs 
standard training 
control on muscular 
fitness adaptations of 
firefighter trainees 2) 
assess the degree of 
transfer of training to 
job specific testing 
batteries 
M (14) 21.9 ± 1.8 Recruits Measuring job 
performance 
using SET 
Measure TT UT improved TT & 
physiological fitness 
parameters greater than 





Supplementary Table 2.4. Full details on studies on predicting performance 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 
2013 Calavalle et 
al. 
A simple method 
to analyze overall 
individual 
physical fitness in 
firefighters 
Identify the main 
components that 
determine FFs level 
of physical fitness 
using a stair climbing 
test 





Measure HR, %HRR, 
steps per minute 
The capacity to carry the extra 
load, the effect of body fat, the 
influence of age in the task, & the 
overall fitness level influenced 















tasks & physical 
performance 
measures. 
M (100) 33.1 ± 7.6 Experienced Comparing 
performance 




Measure HR, TT, TOET, 
ECG, BF% 
The SET taxed FFs physical work 
capacity to near max. Maximal 
treadmill HR, maximal treadmill 
grade, submaximal oxygen pulse, 
pushups, sit ups, chin ups, 
standing long jump, age, & BF% 
were all major predictors of the 
physical work capacity of FFs 
during the SET. 









Verify if the fastest 
FFs during a 
simulated work 
circuit ventilate less 
air at given workload 
intensities & find 
central or peripheral 
physiological 
parameters, if any, 
which better correlate 
with performance 
during a simulated 
work circuit. 
M (13) 28.4 ± 5.1 n/a Measuring 
performance 






Fastest performance on SET was 
associated with lower air 
ventilation at a given heavy work 
intensity. Individuals with better 
SET performance also achieved 
longer performance on a graded 
walking test. Better VO2-peak & 
oxygen extraction rate also 
correlated with better 
















26.1 ± 4.7 Recruits Using fitness 
testing to predict 
performance on 
SET 
Measure TT, QOP Strength & endurance measures 
assessed using simple non-lab 
procedures combine to provide 
substantial predictive validity of 
FFs performance on critical job 















performance on an 
ability test  
ii) identify 
relationships between 
fitness parameters & 
individual tasks of 
the AT. 
M (90) 33 ± 7 Professional Comparing 
performance 




Measure TT, TOET, 
BMI, RHR, HR, 
BF% 
Greater performance on fitness 
variables were associated with 
faster completion of the SET. 
Poor performance was correlated 
with high RHR, BMI, BF%, age, 






performance on a 
firefighter’s 
ability test from 
fitness parameters 
i) Identify the 
relationship between 
various fitness 
parameters, such as 
upper body muscular 




performance on an 
ability test 
ii) create a model that 
would predict AT 
performance using 
the fitness parameters 
M (38) 32.3 ± 6.1 Experienced Comparing 
performance 




Measure TT, TOET, 
RHR, HR, BF% 
Upper body muscular endurance 
& upper body strength were sig. 
correlated (increased) 
performance time on the SET. 
Higher values on BF% & RHR 
were correlated with poor 
performance.  






i) Measure the 
physiological 
responses of 
Canadian FFs from a 
single fire service 
during simulated 
functional 
firefighting tasks  
ii) Establish the 
relationship between 
physical fitness 
parameters & task 
performance. 
M (46) F 
(3) 
33.7 ± 9.2 Professional Measure 
physiological 




Both HR, RR, RPE, 
TT, %HRmax 
The simulated hose drag, & stair 
climb with a high-rise pack tasks 
were physiologically demanding 
requiring FFs to work at near 
maximal HRs. Higher 
cardiorespiratory fitness levels 
were associated with better 
firefighting task performance, 
whereas upper & lower body 
strength levels were only 
associated with higher hose drag 
task performance. In addition, 
age, sex, resting heart rate & 
upper body/lower body strength 
levels had similar & moderate 
predictive values in SET TT. 







correlations of a wide 
range of fitness tests, 
including numerous 









34.5 ± 6.1 Professional Comparing 
performance on 
SET with fitness 
variables 
Measure TT Fire suppression demands on 
muscular strength (primarily the 
upper body), muscular endurance 
(both upper & lower body), & 
anaerobic power/endurance. The 
hose pull was sig. correlated with 
upper & lower body strength 
(bench press, squat, & hand grip), 
total body muscular endurance 
(row, bench press, shoulder press, 
bicep curl, & squat), & anaerobic 
endurance (400m run). The 
victim drag also taxed the upper 
& lower body strength levels 
along with upper body muscular 
endurance & anaerobic 
endurance. the individual fitness 
measures that sig. correlated with 
the stair climb were upper body 
muscular endurance & anaerobic 
endurance. The equipment hoist 
was related to upper body 
237 
 
strength & muscular endurance & 
anaerobic power/endurances. 
2018 Siddall et al. Physical and 
physiological 
performance 
determinants of a 
firefighting 
simulation test 







fitness that most 
effectively predict 
FFST performance. 
M (68) 41 ± 8 n/a Comparing 
performance on 
SET to fitness 
variables 
Measure RPE, TT VO2-max combined with fat mass 
produced the strongest model for 
predicting performance on a 
firefighting simulation test 
circuit.  











Determine & validate 
the minimum cutoff 
for maximal VO2 for 
firefighting. 
M (20) 32 ± 6 n/a Predicting 
performance 
using VO2 
Measure TT, HR, VO2 FFs with VO2 below 33.5 
ml/kg/min had a high probability 
of not completing the simulation 
in an acceptable time. 






of heart rate 
estimation 
Examine a potential 
of using HR to 
predict VO2 in a fire 
suppression setting 
M (10) 31 ± 8 Experienced Measuring 
performance 




Measure HR, VO2, TT  VO2 was 20% less than that 
which would have been predicted 
by using the HRxVO2 
relationship from treadmill testing 
indicating that HR estimation of 
VO2 should be interpreted 





Energy cost of the 
Trondheim 






including exercise in 
the heat.  
M (14) 38 ± 9 n/a Predicting 
performance on 
the SET 
Measure HR, VO2, BLC, 
TT, VE 
TT was closely related to VO2 
max. HR & VE was higher than at 
lactate threshold during lab tests. 
The physically fit finished the test 
faster than less fit. Slower & less 
fit consumed more air & used 
more oxygen faster. 










physical fitness & 
performance of fire 
suppression tasks 





Measure TT, HR, BF%, 
Grip strength, 
endurance 
Sig. correlations were found 
between the SET & grip strength, 
height, pull ups, push-ups, 1.5-





Supplementary Table 2.5. Full details on studies on thermal responses 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 
2017 Hemmatjo et 
al. 










activities in a 
smoke-diving 
room 
Evaluate the effect of 
various hot 








in the smoke diving 
room. 




processing before & 
after SETs with low 
heat (LH), medium 
heat (MH), & severe 
heat (SH). 
Condition HR, Tskin, CF: 
PASAT: (CR) 
HRs were highest in SH but 
increased in all conditions. TSkin 
increased in all conditions. 
Information processing, CR 
decreased following all 
conditions, with only a sig. 
difference between LH & SH. 
2017 Hemmatjo et 
al. 



















responses, CF, & 
physical 
performance among 
examined FFs during 
firefighting & rescue 
operations in the 
smoke diving room 
M (22) 31.7 ± 5.0 Professional Measure effects of 
smoke (WS) & no-
smoke (NS) 
conditions on 
physiological & CF 
before & after SET & 
measure SET 
performance. 
Both HR, TBody, CF: 
CPT (RT & 
CR) 
HR & Tbody increase sig. in NS 
& WS, HR & Tbody was higher 
in WS than NS. Decrease in RT 
& CR for NS & WS. RT & CR 
was sig. lower in WS than NS. 
TT was greater for WS vs NS. 









responses of FFs & 





which FFs may 
operate when using 
three common fuel 
loads  
iii) evaluating Tcore & 
HR responses of FFs 
& fire instructors 
working in different 
training scenarios & 
assessing hemostatic 
response of FFs & 
instructors during 
training exercises. 
M (22) F 
(2) 
40.4 ± 1.8 Experienced Measure responses to 
SET 
Condition Tcore, HR, 
Hemostatic 
function 
Both FFs & instructors 
experienced increase in HR & 
Tcore. FFs had higher HRs than 
instructors. No effect for 
environment, or training role. 
Increase in hemostatic response 
in FFs & instructors with 
instructors being less 
pronounced than FFs. 
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impact of job 
assignment and 
suppression tactic. 
Expand on previous 
research on thermal 
responses of FFs by 
characterizing the 
thermal environment 
in which FFs operate 
in a modern 
residential fire with 
realistic fuel loads, 
documenting the 
temperatures 
encountered by the 
FFs in a different job 
assignments, 
evaluating Tcore & 
Tskin changes of FFs 
assigned to different 
job assignments, & 
investigate the effect 
of firefighting tactics 
on the environmental 
conditions 
encountered & the 
temperature 
responses of FFs.  
M (36) F 
(4) 
37.6 ± 8.9 Experienced Measure 
physiological 
outcomes during SET 
Condition Tcore, Tskin FFs operating hose line were 
experienced higher Tcore than the 
inside search crew. No 
difference in Tskin for inside 
crews. FFs assigned to overhaul 
had the highest Tcore followed by 
outside vent. Inside crew had 
higher temps but did not sig. 
differ from outside.  











metabolic stress & 
physiological 
responses with the 
goal of providing 
insights to help 
inform standards for 
experimental 
protocols designed to 
assess the impact of 
a variety of factors 
on firefighting 
activities. 
M (18) F 
(1) 














Condition HRmax, HR, 
TCore , TT, RD, 
TS, FS, RPE, 
Gait, Balance, 
EE 
Increases in Tcore & HR in all 
conditions with Tcore highest in 
BBFF. HR was highest in ECFF 
than BBFF. Perceptual measures 
were most affected in the ECFF 
than ECTM & BBFF. RPE was 
highest in BBFF 
2013 Horn et al. Core temperature 
and heart rate 
responses to 




effect of repeated 
bouts of firefighting 




32.8 ± 9.8 n/a Measure HR & Tcore 
during SET 
Condition HRmax, HR, 
Tcore, TT 
The magnitude of Tcore rise & 
rate of rise increase to higher 
levels than previously reported 
during long duration firefighting 
activities commonly 
encountered in training & 
prolonged operations. TCore & 
HR increase to higher levels & 
the rate of Tcore increase rises in 
subsequent work cycles. Having 
a higher BMI & HRresting was 
associated with lower HRs, Tcore, 
240 
 
& rate of rise in Tcore during the 
work cycles. the recovery of HR 
& Tcore is strongly correlated 
with the time allowed between 
work cycles & is unrelated to 
individual descriptive 
characteristics or the previous 
amount of work completed.  
2016 Hostler et al. Effect of two work 








of FFs who were 
randomly assigned to 
perform two work 
intervals or three 
work intervals prior 
to completing 
emergency incident 
rehab & a 
subsequent bout of 
high intensity short 
duration work. 
M (39) F 
(5) 
30.3 ± 8.3 n/a Measures 
physiological 
responses to SET, & 
effects of rehab. 
Condition HR, Tcore, BP, 
TC, TS, TT, 
RPE 
Extending the fire suppression 
interval before a structured 
recovery period increases Tcore 
& increases TT required to 
perform a high intensity circuit 
of firefighting skills. The longer 
fire suppression interval did not 
alter BP, HR, TS or RPE.  
2013 Mani et al. Risk factors 
associated with 
live-fire training: 
buildup of heat 
stress and fatigue, 
recovery and role 
of micro-breaks 
Investigate the 
effects of heat stress 




during shorter & 
longer durations 
2) the impact of heat 
stress on fatigue & 
hyperthermia 
buildups 3) the role 
of micro breaks 
during the training 
exercise in 
alleviating fatigue & 
hyperthermia 
buildups,  
4) FFs perception of 
heat stress & fatigue 
as the training 
progressed, recovery 
from the stress 
during the rest 
periods incorporated 
in the training  




for hyperthermia & 
physical fatigue 
M (19) F 
(1) 




Condition HR, Tcore, Tskin, 
TT, RPE, RD, 
BP, TS 
90% crossed the recommended 
Tcore for industrial hyperthermia. 
TCore, HR, heat storage increased 
during each scenario of the SET 
which suggests a buildup of heat 
stress & associated 
physiological demand from the 
SET. 90% crossed the upper 
limit for HR elevation during 
physically demanding work 
which suggests the SET was 
physically demanding & 
potentially fatiguing to the FFs. 
Despite the rest periods 
incorporated, the FFs did not 
recover with respect to Tcore & 
HR. RPE, TS, & RD were sig. 
higher at the end of the SET. 
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Document the range 
of physiological 
responses that are 
associated with 
various activities, 
used such a system 
to obtain continuous 
recordings of HR, 
Tcore & Tskin on FFs 
engaged in routine 
exercises at a 
training facility, 
including exposure 
to heat & flames. 
M (8) 34.3 ± 3.2 Professional Measure 
physiological 
responses to SET   
Condition HR, Tskin, TT, 
TRectal 
HRs increased to near max., but 
changes are less severe on less 
demanding tasks. Victim rescue 
& evacuation were the most 
demanding activities. 
Physiological responses to 
firefighting vary considerably 
with both the physical & 
environmental stresses to which 
the FFs are exposed. for the 
most demanding tasks, such as 
building search & victim rescue, 
HRs exceeding 150 bpm & rapid 





Supplementary Table. 2.6 Full details on studies on cardiac function 






Method Use of SET Outcomes Main Results 
2011 Fahs et al. Acute effects of 
firefighting on 
arterial stiffness 
and blood flow, 
acute effects of 
firefighting on 
arterial stiffness 




on measures of 
arterial stiffness & 
vascular functions. 
M (69) 28 ± 1 Career & 
volunteer 
Measure the effects 






3hrs of firefighting activities acutely 
increased central artery stiffness & the 
augmentation index, while simultaneously 
increasing microvascular function & 
producing carotid artery dilation. 
Additionally, decreases in brachial & 
aortic pulse pressure were observed. 
2012 Fernhall et 
al. 















& diastolic function 
(cardiac fatigue). 











3hrs of intermittent live-firefighting 
training activities produced alterations in 
left VF consistent with cardiac fatigue, 
increased HRs increased to maximal 
levels, resulted in dehydration & 
hyperthermia. BP was unaltered.  





Assess the effects 
of fire suppression 
on cardiovascular 
health in FFs. 
M (16) F 
(3) 













Changes in physiological measures of 
cardiovascular function was observed 
including ex vivo thrombus formation, 
enhanced platelet activation & impairment 
of vasomotor endothelial functions- all 












effects of both 
acute & chronic (2 
week) aspirin 
supplementation on 
the vascular & 
hemodynamic 
responses to live-
firefighting drills in 
FFs over age 40. 
M (24) 48 ± 1 n/a Measure vascular & 
hemodynamic 
responses to SET 




Acute live-firefighting caused an increase 
in forearm blood flow in FFs over 40, 
aortic & brachial SBP, PP, brachial MAP 
& aDBP decreased whereas cPWV 
controlled for BP increased after 
firefighting in our cohort, aspirin use 
(acute and/or chronic versus placebo) did 
not affect forearm vasodilatory capacity, 
BP, or arterial stiffness at rest of after 
firefighting, indicating that 
hemodynamics was not affected by 
aspirin supplementation in this study.  








changes in response 
to live-firefighting 
activities 
M (37) F 
(2) 
28 ± 1 n/a Measure 
physiological 
responses to SET 










Supplementary table 2.7. Full details on studies on psychological responses & cognitive function. 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 




Phased training for 
high reliability 
occupations: live-
fire exercises for 
civilian firefighters 
i) Examine whether 
exposure to a live-fire 
scenario reduces the 
experience of anxiety 
& associated CF on 
subsequent exposures 
to the same scenario  
ii) whether this effect 
generalizes to the new 
scenario. 
M (48) 27.5 Trainees Using the 
firefighting as a 
stressor, repeated 
exposure to a 
stressor 
Condition SA, CF SA & CF decreased from 
first to second exposure of 
the repeated scenario but 
increased back to first 
exposure levels when 
trainees were presented 
with a new scenario. 
2001 Gohm et al. Personality in 
extreme situations: 
thinking (or not) 
under acute stress 
To investigate the role 
of emotional 
experience & 
understanding in acute 
stress situations, the 
relations between three 
individual difference 
variables (clarity, 
attention, & intensity) 
& CF under acute 
stress were examined.  










Majority of FFs did not 
experience a decrease in 
CF, individuals who 
reported being able to 
distinguish & identify their 
emotions (clarity) reported 
fewer decreases in CF. 











responses change pre 
to post firefighting 
activity 






l variables, & 
physiological 
responses to SET 




TS, RD, FS, 
SA, Arousal 
Greater TS, RD, & decrease 
in affect. Increase in HR & 
Tcore. Increase in energy, 
tension, & SA. Decrease in 
tiredness & calmness. Sig. 
increase in RT but no 
difference in CR. 
2017 Hemmatjo et 
al. 










activities in a 
smoke-diving room 
Evaluate the effect of 
various hot 
environments on FFs 
physiological 
responses & CF 
following firefighting 
activities in the smoke 
diving room. 







& after SETs in low 
heat (LH), medium 
heat (MH), & 
severe heat (SH). 
Condition HR, Tskin, CF: 
PASAT (CR) 
HRs were highest in SH but 
increased in all conditions. 
TSkin increased in all 
conditions. For the PASAT, 
CR decreased following all 
conditions, with only a sig. 
different between LH & 
SH. 
2017 Hemmatjo et 
al. 













responses, CF & 
M (22) 31.7 ± 4.9 Professional & 
Experienced 
Measure effects of 
smoke 
physiological & CF 
before & after SET 
& measure SET 
performance. 
Both HR, TBody, CF: 
CPT (RT & 
CR) 
HR & BT increase sig. in 
NS & WS, HR & BT was 
greater in WS than NS. 
Decrease in RT & CR for 
NS & WS. RT & CR was 










among examined FFs 
during firefighting & 
rescue operations in 
the smoke diving 
room. 
Performance was worse, 
greater times for WS vs NS. 
1994 Kivimaki & 
Lusa 
Stress and cognitive 
performance of fire 
fighters during 
smoke-diving 
Extend knowledge on 
the relationship 
between CF & stress 
reaction by using 
online measurements 
M (18) 19-24 Trainees Measure CF during 
the SET 
Condition HR, CF: 
Thinking aloud 
HR increased prior to the 
SET indicating anticipatory 
psychological stress & 
physiological strain from 
the firefighting equipment 
& SCBA. HRs increased 
sig. during the SET. HR 
(stress reaction) during the 
SET were neg. correlated 
with CF (tasked focus 
thinking). 
2009 Perroni et al. Effects of simulated 







related changes of a 
simulated firefighting 
intervention, 
considering both the 
hormonal & 
psychological 
components of stress 
in relation to the load 
of the previous 
exercise 
M (20) 32 ± 1 n/a Measures the 
physiological & 
psychological 
responses to the 
SET 






responses did not mirror the 
physiological responses, 
indicating that the salivary 
hormones reflected changes 
as a result of intense 
exercise load rather than 
psychological stress. The 
high post SET BLC values 
& the % of time spent 63% 
working at a HR>85%  
HRmax during the 
firefighting intervention 
indicate that the anaerobic 
metabolism of the FFs was 
highly taxed 





responses of career 
versus volunteer 
firefighters to live-
fire training drills 
Examine the effect of 
short-term structural 
firefighting activities 
in a structure that 













Condition HR, Tcore, TS, 




Increases in HR, Tcore, TS, 
RD, FS, & SA. 
2017 Rosalky et al. Work duration does 







influence of exercise 
duration on cortisol 










responses to short 
& long work 
durations of 
firefighting 
Condition HR, Tcore, TS, 
TC, SA, Fear, 
Cortisol 
No diff. in cortisol output 
was found between the 
work durations. Cortisol 
decreased throughout the 
protocol. Fear increased 
throughout the protocol in 
both groups. SA increased 
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initially, then appeared to 




Effect of strenuous 
live fire drills on 
cardiovascular and 
psychological 




stroke volume, aortic 




activities in a training 
structure that contained 
live-fires & also to 
examine the effect of 
firefighting activities 
on a computerized 
performance test.  
M (7) 29.4 ± 3.8 Recruits Measure 
physiological & 
psychological 
responses to SET 
Condition HR, RPE, RD, 
TS, SA, TA, 
CF: CPT (RT 
& CR), VF 
Repeated short bouts of 
strenuous firefighting 
activity in a building that 
contained live-fire resulted 
in age predicted maximal 
HRs & a sig. reduction in 
stroke volume. The 
cardiovascular responses 
were mirrored by changes 
in psychological variables. 





Determine the effects 
of strenuous live-fire 




variables & to 
document the extent to 
which these variables 
recover following 90 
min of recovery 
M (11) 31.8 ± 6 Professional Measures 
physiological & 
psychological 
responses to a SET 
Condition HR, Trectal, 





HR & Trectal indicated that 
the repeated trials of 
firefighting resulted in 
considerable cardiovascular 
& thermal strain. 
Firefighting stress led to an 
activation of the HPA axis 
as characterized by 
elevations in plasma ACTH 
& cortisol, & an immediate 
leukocytosis consisting of 
elevations in neutrophils, 
lymphocytes & monocytes. 
2015 Walker et al. Repeated work 
bouts increase 
thermal strain for 
Australian 
firefighters working 
in the heat 
Evaluate the effects of 
multiple work bouts on 
FFs physiology, 
strength, & CF when 
working in the heat. 
M (77) 38.9 ± 9 Professional Measure 
physiological 
responses & CF 
during a SET. 
Condition Tcore, TT, HR, 
Tskin, RPE, TS, 
CF: RT & CR, 
Grip strength, 
Sweat loss, AC 
Sig. increases in Tcore & 
perceptual responses along 
with declines in strength 
were observed following 
the second simulation.  
2014 Young et al. Psychophysiologica











repeated exposure to 
tasks that require 
SCBA. 





demands of a SET 
Both Mood, HR, 
BP, RPE, TLI, 
TT, AC 
Live-firefighting was 
associated with greater RPE 
than free search or 
guideline exercises; all 
tasks lead to high 
cardiovascular demand 
regardless of the presence 
of heat. No sig. impact of 
task upon mood & no sig. 
differences between the 
perceived demands of 
guideline, free search & 
live-firefighting exercises 
were found. 
2018 Zare et al. Comparison of the 
effect of typical 
firefighting 
activities, live fire 
Examine the impact of 
various types of 
firefighting activities 




responses & CF 
during a SET. 
Condition HR, TCore, CF:     
PASAT (CR) 
Physiological responses 
increased, while PASAT 
performance decreased 
after the activity. HR & 
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drills and rescue 





on FFs physiological 
responses & CF 
Tskin were sig. lower at the 
end of the live-firefighting. 
CR was sig. lower at the 
end of the activity in the 




Supplementary table 2.8. Full details on studies on blood responses. 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 











consequences of fire 
suppression & 
determine if active 
cooling during the 
FFs rehabilitation 
period could reverse 
any adverse effects.  
M (85)  
F (6) 







Condition Tcore, HR, 
HRmax, BP, 
Blood samples 
Elevated Tcore & HRs were 
associated with fire suppression. 
No sig. inflammatory or cell 
activation, dysfunction or injury 
response were observed. Mild 
inflammatory response increase 
in blood coagulability, a stress 
response based on increase in 
Bglucose & cortisol were 
observed. Recovery using a 
cooling chair resulted in 
reductions in Tcore & HRs 











responses of FFs 
wearing protective 
turnout gear to 16 
mins of firefighting 
drills in a structure 
that contained live-
fires. 
M (15) 30.3 ± 6 Career & 
Volunteer 
Measure 
responses to SET 
Condition HR, Tskin, Tcore, 
BLC, RPE, 
TS, SA, TA, 
Affect, 
Arousal 
FFs achieved near maximal HRs 
& sig. elevated temperatures 
after only 16 min of firefighting 
activities. BLC data suggest that 
FFs are working above OBLA 
but rely predominately on 
aerobic metabolism to support 
firefighting activities in the heat. 
1997 Smith et al. The effects of 
different thermal 








activity (& the 
related exercise-
induced heat stress) 
external heat stress 
from a live-fire. 




responses to SET 
in heat (WH) & 
no heat (NH). 
Condition HR, Tskin, 
BLC, BGlucose, 
SA, TA, RPE, 
RD, TS 
Firefighting tasks performed in 
the heat led to near maximal 
HRs & live-fire added to the 
physiological & psychological 
stress experienced by FFs. HRs 
& Tskin was sig. higher in the 
WH condition. BLC levels 
indicated that the subjects were 
providing majority of their 
energy through aerobic 
metabolism in both conditions 




Evaluate the effect of 
strenuous firefighting 
activities on platelets 
& clotting & 
fibrinolytic activity 
& to document the 
extent to which these 
variables recovered 
2hrs after completion 
of the firefighting 
activity. 
M (18) 25.3 ± 4.8 n/a Measure changes 
in blood variables 
& physiological 
responses 
following a SET. 







Sig. changes in platelet number 
& function, coagulation, & 
endogenous fibrinolysis 
immediately after live-
firefighting. A short bout of 
live-firefighting activities 
activates the coagulatory 
cascade & enhances fibrinolysis 
by a 2hrs post firefighting 
activity, endogenous t-PA had 
returned to baseline although 
PAI-1 remained depressed, & 




2014 Smith et al. Effect of obesity on 
acute hemostatic 
response to live-fire 
training drills 
Evaluate the impact 
of obesity & 
firefighting activities 
on coagulation & 
fibrinolytic activity 
M (36) 25-41 n/a Measure the 
physiological 
responses & 
changes in blood 
to SET 
Condition HR, Tcore, 
Blood samples  
Nearly all markers of 
coagulation & fibrinolytic 
activity increased immediately 
after firefighting with an overall 
shift toward a pre-coagulatory 
profile. Obese FFs did not 
exhibit a greater pre-coagulatory 
response to live-firefighting 
compared with normal weight 
FFs. The changes were similar 
for both weight groups. 




firefighters aged 40 
to 60 years 
Evaluate the effect of 




before & after live-
firefighting activities 
in older FFs. 















Acute aspirin supplementation 
resulted in a sig. increase in 
epinephrine closure time, which 
was further augmented by 
chronic supplementation Aspirin 
supplementation had no effect 
on coagulatory or fibrinolytic 
potention in older FFs.  
2001 Smith et al. Effect of strenuous 





Evaluate the effects 
of firefighting drills 
on hematological & 
psychological 
variables 
M (11) n/a Professional Measures 
physiological 
responses to 
firefighting   
Condition HR, Trectal, 
RPE, RD, TS, 
SA, Blood 
samples 
Plasma volume decreased 
immediately following the drill 
but returned to baseline 
following recovery & aggressive 
rehydration. Bglucose & sodium 
concentrations were sig. lower 
than pre-test or immediately 
post firefighting values, after 
recovery. Perceptual variables 
all increased during firefighting 
activities 
2011 Smith et al. Effect of live-fire 
training drill on 
firefighter’s platelet 
number and function 
Examine the acute 
effect of firefighting 
on platelet number & 
aggregability. 




blood responses to 
a SET 
Condition HR, blood 
samples, Tcore, 
RPE, TS 
Firefighting resulted in sig. 
increases in HR & Tcore & sig. 
changes in blood chemistry 
values. 18 mins of firefighting 
resulted in a 24% increase in 
platelet number & a sig. increase 
in platelet aggregability. Even 
short bouts of firefighting can 








predictors during a 




responses of FFs 
during a simulated 











responses to SET 





Rescuing patients was 
physically very demanding 
based on BLC & VO2-peak. TT 
depended on the VO2-max in 
absolute values & the working 
technique used. A minimum 





Supplementary table 2.9. Full details on studies on cooling methods. 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 











fire suppression & 
determine if active 
cooling during the 
FFs rehabilitation 
period could 
reverse any adverse 
effects.  
M (85)  
F (6) 




firefighting & post 
firefighting 
recovery. 




Elevated Tcore & HRs were 
associated with fire suppression. 
No sig. inflammatory or cell 
activation, dysfunction or injury 
response were observed. Mild 
inflammatory response increase 
in blood coagulability, a stress 
response based on increase in 
Bglucose & cortisol were 
observed. Recovery using a 
cooling chair resulted in 
reductions in Tcore & HRs 
2007 Carter et al. Strategies to 
combat heat strain 
during and after 
firefighting 
Explore the effects 











30.8 ± 5.2 Recruits Examine the effects 
of cooling methods 
used during a SET 
& after 




No sig. diff. in Tcore, Tskin, HR, 
RPE, sweat rate, & TS during 
simulated firefighting while 
wearing the cooling vest, 
compared to controls. No diff. in 
rates of fall of Tcore during 
recovery using hand cooling or 
passive cooling 
2011 Colburn et al. A comparison of 
cooling techniques 
in firefighters after 
a live burn 
evolution 
Compare the effects 
of a liquid perfused 
cooling vest, 
forearm immersion, 
& passing cooling 
in a moderate 
temperature 
environment on HR 












(FI), cooling vest 
(CV), & combined 
(FICV) following a 
SET 
Condition Tcore, HR A single 20-minute bout of fire 
suppression resulted in near 
maximal HR, increase in Tcore & 
mass loss from sweating of 
nearly 1kg. The cooling rate was 
slightly higher in the forearm 
immersion group but removing 
PPC in a moderate temp. 
environment after fire 
suppression resulted in 30-
minute HR & Tcore recovery that 
is similar to the recovery with 
forearm immersion or cooling 
vests.  
2017 Hemmatjo et 
al. 








Assess the effect of 
typical firefighting 
tasks & cooling 
devices on 
physiological 




& introduce an 
effective & 
practical cooling 
M (15) 32.5 ± 6.0 Professional & 
Experienced 
Measure the effects 
of cooling methods, 
cooling vest (CV), 
cooling gel (CG), 
combined (CVCG), 
& no cooling (NC) 
on responses to 




CF: RT & 
CR 
CV was the most effective 
cooling method, CG, CVCG, at 
reducing physiological strain. 
CF was sig. decreased after the 
SET. RTs were faster but CR 
was lower. Impairments were 
higher in the NC condition, but 
the CV caused decreases in 
errors & was more effective at 









in a hostile 
environment. 
2017 Hemmatjo et 
al. 







in a smoke-diving 
room: An 
intervention study 
i) Evaluate the 
effect of various 
firefighting works 
on FFs CF, working 




activities in the 
smoke diving room. 








M (15) 32.4 ± 5.9 Professional & 
experienced 
Measure CF & 
performance during 
SET & cooling 
methods, cooling 
gel (CG), cooling 
vest (CV), 
combined (CGCV), 
& no cooling (NC). 
Both CF: PASAT 
(CR), TT 
CR decreased in all conditions, 
NC, CG, CV, CGCV. No diff. 
between groups. TT was shorter 
for CV & CGCV compared to 
NC & CG. No diff. between CV 
& CGCV 
























in a live-fire 
exercise. 
M (22) 32.6 ± 5.9 Professional & 
Experienced 
Measure the effects 




& no cooling 
method (WCM) on 
response to 
firefighting & CF 






HR & Tskin increased in all 
conditions & decreased after 
cooling tactics were applied. HR 
& Tskin was sig. lower after CV 
compared to WCM. FI was sig 
lower than WCM & CV. & sig. 
lower after recovery in FI & 
CVFI. Decision making scores 
increased in all conditions 
following SET. no diff. found in 
recovery with diff. cooling 
methods.  






i) Describe the 
acute effects of 
firefighting on 
traditional vital 
signs as well as 
several novel 
vascular measures 
& document the 




responses to SET & 
compare recovery 
methods 
Condition HR, TCore, 
BP, VF, TT 
Recovery from even a short bout 
of firefighting activity in healthy 
relatively young FFs occurs over 
a much longer time period than 
is typically provided by incident 
rehab on the fireground. 
Modifications to current rehab 
protocols including adding 
active cooling & a nutrition 
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time course of 
recovery.  










intervention did not provide sig. 
improvements when rehab was 
conducted in a cool, dry room 
with ample supply of water. 
HRs were elevated at approx. 
84% of maximal age predicted 
levels until the FFs exited the 
burn room. TCore increased at a 
rapid rate of rise that would 
indicate likeliness of 
hyperthermia.  
2014 Walker et al. Cold-water 
immersion and iced 
slush ingestion are 









immersion & iced 
slush ingestion to 
cool FFs post 
incident. 





& slush ingestion 
(SLUSH) following 
a SET 
Condition Tcore, Grip 
Strength, 
RPE 
both CWI & SLUSH delivered 
cooling rates in excess of the 
control group & reduced temps 
to baseline measurements within 
the 15 min. cooling period. Grip 
strength was not neg. impacted 
by either slush of control.  
2016 Yeargin et al. Physiological and 
perceived effects of 







perceived effects of 




M (27) 31-47 Career Comparing cooling 
methods after a 
SET 





The head cooling did not 
attenuate rises in physiological 
or perceptual variables during 
firefighting drills. The forearm 
cooling effectively reduced Tcore 
& the physiological strain index 






Supplementary table 2.10. Full details on studies on comparing PPE. 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 
2011 Coca et al. Field evaluation 





Evaluate & compare 
the low profile 
SCBA prototype to a 




of mobility & 
comfort, time of 
donning/doffing, as 
well as acquiring 
user feedback on 
SCBA design 




35.9 ± 8.3  
35 ± 7.9 
Professional Comparing 
mobility during 
the SET while 
wearing 2 
different SCBA 





Ppts. showed sig. gains in shoulder 
flexion & trunk extension with the 
prototype compared with the 
standard SCBA. There was no diff. 
in elapsed time measured for 
donning, doffing & subjective 
measures between the two SCBAs. 
The prototype imposed less stress 
in terms of static & dynamics ROM 
than the standard SCBA. Overall 
subjects rated the prototype more 
comfortable & that is provided 
better mobility compared to the 
standard. The prototype SCBA was 
rate as a sig. improvement over the 
standard SCBA in the areas of 
ROM, mobility, comfort, induction 
of fatigue, interaction with PPE, & 
operability when worn over 
standard firefighter PPE. 











protective clothing in 
the lab  
ii) evaluated the 
thermal protective 




iii) investigated the 
physiological impact 
of wearing a helmet 
in the lab 
M (7) 
F (4) 
35.3 ± 9.8 n/a Measuring the 
physiological 
effects of wearing 
PPE during SET 




Despite the use of PPE, Tskin during 
flashover simulations approached & 







load in simulated 
rescue tasks for a 
novel design 




A recently developed 
SCBA was compared 
to two conventional 
SCBAs 
M (12) 27-49 Experienced Compare the 
effects of different 




Measure HR, Trectal, 
TT, RPE,  
FFs rated devices B & C to be 
better than the currently used 
device A.  
A decrease of physiological strain 
& improvements of performance in 
terms of faster execution were only 
observed with device C. 
1983 Manning & 
Griggs 
Heart rates in fire 
fighters using 








of SCBA during 
firefighting, 
Both HR, TT, 
%HRmax 
Faster performance & higher levels 







in response to 
multiple work 
load conditions 
required during a 
standard firefighting 
drill for young FFs 
using no SCBA, light 
SCBA, & heavy 
SCBA 
 compare three 
types, compare 
performance 



















during a simulated 
rescue intervention 




37 ± 7 Professional Comparing 
responses to SET 
while wearing 
difference PPE 
Both TT, TOET, 
ECG, Total 






SET led to high physiological stress 
(HR), executive function 
perturbations (accuracy) & 
important post exercise vagal 
perturbation. The SCBA increased 
completion time, cardiac autonomic 
stress, & RPE during the rescue 
intervention. 











limitations to a 






M (15) F 
(1) 
31.6 ± 5 n/a Measure the 
physiological 
responses to SET 
Condition HR, Tcore, 
Tskin, %HRR 
The FFs worked at a high & 
unsustainable rate. The primary 
limiting factor while wearing the 
SCBA was air supply. No 
differences in physiological 
response were observed between 
the two hose sizes, although the FFs 
found the 45mm hose easier to 
handle. 













responses of FFs to 
strenuous live-fire 

















Condition HR, TSkin, 
Tcore, RPE, 
RD, TS, CF: 
CPT (RT & 
CR), TT, VF, 
SA 
The NFPA 1500 gear with the hip-
boot gear configuration indicated 
that the 1500 gear imposed a 
greater thermal strain & resulted in 





Supplementary Table 2.11. Full details on studies on validating SETs. 






Method Use of SET Outcomes Main Results 
2000 Oldham et al. An investigation 
of the validity of 
simulated work-
related tasks in 
relation to real life 




validity of four 
work simulated 
firefighting tasks 
by assessing the 
EMG activity of 
key muscles 
involved in each 
specific activity 










Two of the tasks (9m ladder & hauling 
an extended line) did not require 
modification & as far as TT & amount 
of muscle activity is concerned can be 
considered valid representations of real-
life situation. The other two tasks (13.5 
m ladder & deadlift) both require further 
modification before they can be 
considered valid.  
2010 Plat et al. Clinometric 
quality of the fire 
fighting simulation 
test as part of the 







of the firefighting 
simulation test in 
a population of 

















SET with other 





Measure TT, QOP The reliability of the FFST was high at 
the three-week test retest period. The 
agreement reflected by the SEM after 
three weeks provides evidence that the 
FFST could be used in proactive. 
Construct validity of the FFST with 
ratings of work ability was moderate. 












40 ± 8 n/a Comparing 
performance on a 
SET to fitness 
parameters 
Measure TT, RPE TT was strongly correlated with VO2-
max. Reliability of the SET to measure 
CRF was high. 
1992 Gledhill & 
Jamnik 
Development and 






validate a battery 







needed to meet 
the demands of 
firefighting.  







Measure HR, VO2, 
TT, TOET 
The protocol duplicates the 
physiological responses observed during 
firefighting & is therefore valid. 
Applicants who successfully complete 
this screening protocol do have the 






Supplementary Table 2.12. Full details on studies on other topics. 
Year Author(s) Title Objective(s) Sample 
Size 
Average Age Occupational 
Status 
Method Use of SET Outcomes Main Results 
2015 Frost et al. The predictive 







degree to which 
performance of a 
battery of general 
tasks could be used 
to predict motion 
patterns exhibited 
by FFs when 
performing job 
specific skills 
M (52) 37.7 ± 9.7 n/a Using ability testing 
to predict movement 
patterns on the SET 
Measure 3D motion 
data 
Ability test could be used to predict 
FFs movement patterns during 
occupationally specific tasks. The 
max. spine & frontal plane knee 
motion exhibited by FFs while 
performing five occupation-specific 
skills was lower than that displayed 
during the performance of five 
general whole-body tasks comprising 
similar movement demands. 
2014 Goss et al. Observation of 










29.1 ± 7 Career & 
Volunteer 
Measure RPE before 
& after SET 
Condition HR, Tcore, 
RPE 
HR & Tcore was greater at the end of 
fire suppression. RPE was sig. 
greater following fire suppression. 
There was small diff. between self-
report RPE & observed RPE & was 
not shown to be statistically valid. 






























Measured gait during 
SET 
Condition Gait, TT Both firefighting activities & 
asymmetric load carriage resulted in 
decreased gait performance. 
Simulated firefighting activities 
performed in either a live-fire 
training tower or lab based 
environmental chamber led to nearly 
identical effects on gait parameters. 
















impact of added 
environmental heat 





structural fires & 
investigate impact 
of ingesting 
curcumin on OS 
markers when FFs 
are exercising in 
heat. 
M (10) 33.9 ± 6.1 Professional Effects of 
supplementation on 
physiological 
responses to SET 




Curcumin ingestion did not impact 
markers of antioxidant status or OS 









Supplementary Table 2.13. Details of excluded studies and reasons for exclusion. 










High-intensity, occupation-specific training 
in a series of firefighters during phase II 
cardiac rehabilitation 
Exercise Intervention 
2018 Angelini et al. Effects of simulated firefighting and 
asymmetric load carriage on firefighter 
obstacle crossing performance 
Lab based 
1988 Ben-Ezra & 
Verstratete 
Stair Climbing: An alternative exercise 
modality for firefighters 
Lab based 
n/a Bergh & 
Danielsson 
Physical and physiological stress during 
Firefighting activities 
Non-peer review 
2001 Bilzon et al. Characterization of the metabolic demands 
of simulated shipboard Royal Navy fire-
fighting tasks 
Non-structural FFs 
2015 Boyd et al. Variability in performance on a work 











Effect of wearing personal protective 
clothing and self-contained breathing 
apparatus on heart rate, temperature and 
oxygen consumption during stepping 
exercise and live fire training exercises 
Lab based 
2018 Burdon et al. Effect of practice on performance and pacing 
strategies during an exercise circuit 





Effectiveness of rest pauses and cooling in 
alleviation of heat stress during simulated 
fire-fighting activity 
Lab based 
2010 Coca et al. Effects of fire fighter protective ensembles 
on mobility and performance 
No SET 
2017 Cvirn et al. The sleep architecture of Australian 
volunteer firefighters during a multi-day 
simulated wildfire suppression: Impact of 
sleep restriction and temperature 
Wildland FFs 
2015 de la Vega et 
al. 
Flow in firefighters and its relationship with 





1996 Deakin et al. Development of a bona fide physical 
maintenance standard for CF and DND fire 
fighters 
Conference abstract 
1999 Donovan & 
McConnell 
Do fire-fighters develop specific ventilatory 
responses in order to cope with exercise 
whilst wearing self-contained breathing 
apparatus 
Lab based 
2009 Dorman & 
Havenith 
The effects of protective clothing on energy 
consumption 
Lab based 
2007 Dreger & 
Petersen 
Oxygen cost of the CF-DND fire fit test in 
males and females 
Non-FFs 
2004 Eglin, Coles, 
& Tipton 
Physiological responses of fire-fighter 
instructors during training exercises 
FF instructors 
2016 Ferguson et 
al. 
Fatigue in emergency services operations: 
Assessment of the optimal objective and 
subjective measures using a simulated 
wildfire deployment 
Wildland FFs 
2018 Gnam et al. On the relationship between physical 
activity, physical fitness, and stress reactivity 
to a real-life mental stressor 
No SET 
2008 Gregory et al. The effect of fatigue on trunk muscle 
activation patterns and spine postures during 
simulated firefighting tasks 
Non-FFs 
2009 Huang et al. Physiological responses to simulated stair 
climbing in professional firefighters wearing 
rubber and leather boots 
Lab based 
2015 Keene et al. Accuracy of Tympanic Temperature 
measures in firefighters completing a 
simulated structure firefighting task 
Lab based 
2018 Kesler et al. Impact of SCBA size and fatigue from 
different firefighting work cycles on 
firefighter gait 
Lab based 
2018 Kesler et al. Physiological response to firefighting 
activities of various work cycles using 
extended duration and prototype SCBA 
Lab based 
2016 Kelser et al. Analysis of foot clearance in firefighters 
during ascent and descent of stairs 
Lab based 
1980 Kilbom Physical work capacity of firemen. With 
special reference to demands during fire 
fighting 
No full text available 
2012 Larsen, Snow, 
& Aisbe 
The effect of heat on firefighters work 
behavior and physiology during simulated 
firefighting shifts 
Wildland FFs 
2015 Larsen et al. Multiple days of heat exposure on 





2015 Larsen et al. Simulated firefighting task performance and 
physiology under very hot conditions 
Wildland FFs 
2015 Larsen, Snow 
& Aistbett 
Effect of heat on firefighters work 
performance and physiology 
Wildland FFs 
2013 Lindberg et 
al. 
Field tests for evaluating the aerobic work 
capacity of firefighters 
Lab based 
2014 Ljubicic et al. Response to thermal and physical strain 
during flashover training in Croatian 
firefighters 
No SET 
2012 Ljubicic et al. Biomarkers of mild hyperthermia related to 





Performance differences between males and 
females on simulated firefighting tasks 
Non-FFs 
2009 Mol et al. Physiological and psychological responses of 
firefighters pre, during, and post flashover 
training 
Conference paper 
1997 Myhre et al. Relationship between selected measures of 
physical fitness and performance of a 
simulated firefighting task 
Non-peer review 
2013 Netto et al. Muscle activation during the Pack Hike Test 
and a critical wildfire fighting task 
Wildland FFs 
2016 Oliveria et al. Firefighters exposure biomonitoring: Impact 
of firefighting activities on levels of urinary 
monohydroxy metabolites 
Wildland FFs 
2011 Pallauf et al. Associating ECG features with firefighters’ 
activities 
No SET 
2011 Park et al. Assessing gait changes in firefighters due to 
fatigue 
no SET 
1994 Payne et al. Thermoregulatory Response to wearing 
encapsulated protective clothing 
Lab based 
1999 Perlot et al. The design of a simulated forcible entry test 
for fire fighters 
Lab based 
2010 Petersen et al. Validity and relevance of the pack hike 
wildland firefighter work capacity test: A 
review 
Wildland FFs 
2000 Petersen et al. The effects of hyperoxia on performance 
during simulated firefighting work 
Non-FFs 
2009 Petruzzello et 
al. 
Perceptual and physiological heat strain: 
examination in firefighters in laboratory and 
field-based studies 
Duplicate 
2011 Phillips et al. Pack Hike test finishing time for Australian 





2012 Phillips et al. Identification of physically demanding tasks 
performed during bush fire suppression by 
Australian rural firefighters 
Wildland FFs 
2013 Robinson et 
al. 
Stress reactivity and cognitive performance 
in a simulated firefighting emergency 
Non-FFs 
1993 Samurcay & 
Rogalski 






An occupational performance test validation 
program for fire fighters at the Kennedy 
Space Center 
Non-FFs 
2010 Sheaff et al. Physiological determinants of the candidate 
physical ability test in firefighters 
Lab based 
2004 Smith, Dyer, 
& Petruzzello 
Blood chemistry and immune cell changes 
during 1 week of intense firefighting training 
No SET 
1995 Smith et al. Selected physiological and psychobiological 
responses to physical activity in different 
configurations of firefighting gear 
Lab based 
2014 Smith et al. Evaluation of a wearable physiological status 
monitor during simulated firefighting 
activities 
Non-FFs 
2018 Sol et al. Metabolic Demand of hiking in wildland 
firefighting 
Wildland FFs 
2004 Sothmann et 
al. 
Performance requirements of physically 
strenuous occupations: validating minimum 





The effect of energy drinks on cortisol levels, 
cognition and mood during a fire-fighting 
exercise 
Non-FFs 
2012 Taylor et al. A fractionation of the physiological burden 
of personal protective equipment worn by 
firefighters 
Non-FFs 
2000 Throne et al. Stress reactivity in fire fighters: An exercise 
intervention 
Lab based 
2018 Vincent et al. Adding sleep restriction to the equation: 
impact on wildland firefighters work 
performance in hot conditions 
Wildland FFs 
2015 Vincent et al. Fighting fire and fatigue: sleep quality and 
quality during multi-day wildfire suppression 
Wildland FFs 
2016 Vincent et al. Sleep quantity and quality is not 
compromised during planned burn shifts of 
less than 12 h 
Wildland FFs 
2017 Vincent et al. The impact of heat exposure and sleep 
restriction on firefighters work performance 





2016 Vincent et al. Associations between firefighter’s physical 
activity across multiple shift of wildfire 
suppression 
Wildland FFs 
2015 Vincent et al. Sleep restriction during simulated wildfire 
suppression: effect on physical task 
performance 
Wildland FFs 
2017 Walker et al. Improving Body composition may reduce 
immune and inflammatory responses of 




The effects of simulated wildland 
firefighting tasks on core temperature and 




Physiological demands of the firefighter 
candidate physical ability test 
Non-FFs 
2016 Wolkow et al. Physiological relationships between a multi-
component self-report measure of mood, 
stress, and behavioral signs and symptoms, 
and physiological stress responses during a 
simulated firefighting deployment 
Wildland FFs 
2017 Wolkow et al. Effect of heat exposure and simulated 
physical firefighting work on acute 
inflammatory and cortisol responses 
Wildland FFs 
2015 Wolkow et al. Relationship between inflammatory cytokine 
and cortisol responses in firefighters exposed 
to simulated wildfire suppression work and 
sleep restriction 
Wildland FFs 
2016 Wolkow et al. The impact of sleep restriction while 
performing simulated physical firefighting 
work on cortisol and heart rate responses 
Wildland FFs 
2016 Wolkow et al. Acute psychophysiological relationships 
between mood, inflammatory and cortisol 
changes in response to simulated physical 
firefighting work and sleep restriction 
Wildland FFs 
2015 Wolkow et al. The impact of sleep restriction and simulated 
physical firefighting work on acute 
inflammatory stress responses 
Wildland FFs 
2014 Zhang et al. Effects of caffeine and menthol on cognition 










Supplementary Table 2.14. Published articles distributed by year and country. 
 1977-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2010 2011-2015 2016-2020 Total 
USA 2 2 1 4 5 6 24 10 54 
Canada 1 1 1   2 1 1 7 
UK    1 1 2 1 2 7 
Iran        6 6 
Finland   2     2 4 
Norway      1 2  3 
Australia     1  2  3 
Italy      2 1  3 
Germany     1 1   2 
Netherlands      1 1  2 
Poland      1   1 
Sweden      1   1 








Supplementary Table 2.15. List of identified protocols. 
Protocol Author(s) 
Legacy Protocol Park et al. (2018);  
Petruzzello et al. (2016);  
Smith et al. (2016);  
Horn et al. (2015);  
Lane-Cordova et al. (2015);  
Greenlee et al. (2014);  
Smith et al. (2014);  
Smith et al. (2014):  
Horn et al. (2011);  
Smith et al. (2011) 
Smoke-Diving Protocol Hemmatjo et al. (2017a);  
Hemmatjo et al. (2017b);  
Hemmatjo et al. (2017c);  
Hemmatjo et al. (2018a) 
3-Hour Protocol Horn et al. (2013);  
Fernhall et al. (2012);  
Yan et al. (2012);  
Fah et al. (2011) 
Unnamed Protocol 1 Smith et al. (2005);  
Smith, Manning, & Petruzzello (2001);  
Smith et al. (2001);  
Smith & Petruzzello (1998) 
Unnamed Protocol 2 Rosalky et al. (2017);  
Hostler et al. (2016);  
Al-Zaiti et al. (2015) 
NFPA 1403 Compliant Live-fire 
Evolution Protocol 
Goss et al. (2014);  
Colburn et al. (2011) 
Simulated Fire Ground Test (1) Pawlak et al. (2015);  
Dennison et al. (2012) 
Unnamed Protocol 3 Perroni et al. (2010);  
Perroni et al. (2009) 
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Unnamed Protocol 4 Smith et al. (2016);  
Smith et al. (2015) 
Unnamed Protocol 5 Angerer et al. (2008);  
Manning & Griggs (1983) 
Live-Fire Activity Hemmatjo et al. (2018);  
Zare et al. (2018) 
The Canadian Test Gendron et al. (2015);  
Mamen et al. (2013) 
Job Performance Assessment Henderson et al. (2007);  
Williford et al. (1999) 
Firefighter Ability Test Michaelides et al. (2011);  
Michaelides et al. (2008) 
Search & Rescue 2 Walker et al. (2015);  
Walker et al. (2014) 
Simulated Fire Suppression Sothmann et al. (1991);  
Sothmann et al. (1990) 
IAFF Fire Ground Survival Coca et al. (2011) 
The Grinder Test Petersen et al. (2008) 
Fire Fighting Simulation Test (2) Plat et al. (2010) 
The Trondheim Test von Heimburg & Medbo (2013) 
Fire Fighting Activity Yeargin et al. (2016) 





Supplementary Table 2.16 List of Tasks included in SETs 
Task Frequency (n=) 
Rescue 42 
Stair Climb 36 
Hose Advancement 36 
Search 26 
Forcible Entry 22 
Fire Extinguish 17 
Equipment Carry 17 
High Rise Pack 17 
Crawl 16 
Ladder Climb 11 
Ventilation 10 
Hose Hoist 10 
Ladder Raise 9 
Ladder Carry 7 
Overhaul 3 
Claustrophobia 2 
Operate Pump 2 
Obstacle Navigation 2 
Hose Carry 2 
Window Egress 1 
Entanglement 1 
SCBA confidence 1 
Balance 1 
Smoke-diving 1 
Dam Building 1 
Flashover 1 
Incident Command 1 
Hose Rolling 1 




Supplementary Table 2.17. List of physiological, physical, psychological and performance 
outcomes included within the SET studies 
Physiological Physical Psychological Performance 
Cardiovascular Aerobic Capacity Psychometrics Time to complete 
Heart rate VO2-max Mood Each task 
Stroke volume VE State Anxiety Overall 
ECG VCO2 Trait Anxiety Quality of performance 
Cardiac output RER Affect Work ability 
Body Temperature Grip Strength Fear Oxygen consumed 
Core Mobility Clarity  
Skin Gait Intensity  
Rectal Balance Personality  
Temporal Flexion Sensations  
Artery Function Rotation RPE  
Blood pressure Extension Symptoms of exertion  
MAP Activity Task load index  
Blood velocity Energy expenditure Pain  
Blood Samples Steps per minute Fatigue  
Blood lactate  Thermal Sensations  
Platelets  Thermal comfort  
Coagulation  Body part discomfort  
Fibrinolysis  Respiratory distress  
Blood glucose  Feeling Scale  
Oxygen saturation  Arousal  
Cortisol  Cognitive Function  
Other  Reaction time  
Sweat loss  Correct response  
Urine Sample  Attention  
  Self-referent thoughts  





Supplementary Table. 2.18 Abbreviations for Supplementary Tables 2.1-2.12 
Abbreviation Title Abbreviation Title 
& and n/a Not Available 
% Percent OBLA Onset of blood lactate 
%HRmax Percent of Heart Rate 
Maximum 
PASAT Paced Auditory Serial 
Addition Test 
%HRR Percent Heart Rate 
Recovery 
QOP Quality of 
Performance 
AC Aerobic Capacity RR Respiratory rate 
ACTH  RD Respiratory Distress 
AVC Arterial Ventricular 
Function 
RER Respiratory Exchange 
Ratio 
BF% Body fat percentage RHR Resting Heart Rate 
BGlucose Blood glucose 
concentration 
ROM Range of Motion 
BLC Blood lactate 
concentration 
RPE Rate of Perceived 
Exertion 
BMI Body Mass Index RT Reaction Time 
BP Blood pressure SA State Anxiety 
bpm Beats per minute SET Simulated Emergency 
Task 
CF Cognitive Function SFGT Simulated Fireground 
Test 
CPT Continuous Processing 
Test 
sig. Significantly 
CR Correct response TT Total Time 
CSI Cardiac Strain Index TA Trait Anxiety 
EE Energy expenditure Tbody Body Temperature 
ECG Electrocardiogram Tcore Core Temperature 
EMG Electromyography TLI Total Load Index 
F Females TOET Time to complete 
each task 
FFs Firefighters TRectal Rectal Temperature 
FS Feeling Scale TS Thermal Sensations 
HR Heart Rate TSkin Skin Temperature 
HRR Heart Rate Recovery UT Undulation Training 
HRmax Heart Rate Maximum VE Ventilation 
HRpeak Peak Heart Rate VF Ventricular Function 
kcal kilocalorie VO2 Oxygen Uptake 
lab laboratory VO2-max Maximum Oxygen 
Uptake 
M Male VO2-peak Peak Oxygen Uptake 
MAP Mean Arterial Pressure VO2-submax Submaximal Oxygen 
Uptake 





Appendix B. Supplementary Tables for Chapter Three 
Supplementary Table 3.1 List of NFPA Standards used to inform the evaluation methods. 
Standard Scope 
NFPA 1001 Standard for Fire Fighter 
Professional Qualifications (2019) 
This standard identifies the minimum job 
performance requirements for Fire Fighter I 
and Fire Fighter II professional 
qualifications 
NFPA 1403 Standard on Live Fire 
Evolutions (2018) 
This standard contains the minimum 
requirements for training all fire 
suppression personnel engaged fire-fighting 
operation under live fire conditions 
NFPA 1404 Standard for Fire Service 
Respiratory Protection Training (2018) 
This standard contains minimum standards 
requirements for the training component of 
the respiratory protection program found in 
NFPA 1500 
NFPA 1410 Standard on Training for 
Emergency Scene Operations 
This standard contains the context and 
minimum requirements for evaluating 
training for fire suppression and rescue 
procedures used by fire department 
personnel engaged in emergency scene 
operations 
This standard also specifies basic 
evolutions that shall be adapted to local 
conditions and serves as a standard 
mechanism for the evaluation of minimum 
acceptable performance during training for 
fire suppression and rescue activities 
NFPA 1500 Standard on Fire Department 
Occupational Safety, Health, and Wellness 
Program (2018) 
This standard shall contain minimum 
requirement for a fire service-related 
occupational safety, health, and wellness 
program 
NFPA 1710 Standard for the Organization 
and Development of Fire Suppression 
Operations, Emergency Medical 
Operations, and Special Operations to the 
Public by Career Fire Departments (2020) 
This standard contains minimum 
requirements relating to the organization 
and development of fire suppression 
operations, emergency medical operations, 
and special operations to the public by 
career fire departments.  
NFPAS 1720 Standard for the Organization 
and Deployment of Fire Suppression 
Operations, Emergency Medical 
Operations, and Special Operations to the 
Public by Volunteer Fire Departments 
(2020) 
This standard contains minimum 
requirements relating to the organization 
and deployment of fire suppression 
operations, emergency medical operations, 
and special operations to the public by 





Supplementary Table 3.2. Evaluation Components for Ecological and Content Validity 
Item NFPA Standard & Article Specific 
Ecological Validity  The extent to which materials and 
setting of the study approximate 
the real-world that is being 
examined 




NFPA 1500 fire suppression include all activities 
performed at the scene of a fire incident or training 
exercise that expose fire department members to the 
dangers of heat, flame, and smoke…. 
NFPA 1403 A.3.3.27.2 conditions without a live-fire and 
the participants are not subjected to the risk of the effects 
of fire other than the smoke produced. 
 
 
Fuel NFPA 1403 4.13.1 The fuels that are utilized in a live-fire 
training evolution shall only be wood products 
NFPA 1403 4.13.1.1 Fuel-fired buildings and props are 
permitted to use the appropriate fuels for the designs of 
the building or prop.  
Was fuel wood products or a 
fueled designed building? 
Artificial Smoke NFPA 1404 A.6.10.4(2) Smoke produced from live-fire 
should be prohibited in SCBA training sessions. a 
substitute for smoke that has the same effect in 
demonstrating the value of SCBA. Where training 
exercise are intended to simulate emergency conditions, 
smoke generating devices that do not create a health or 
environmental hazard are required. 
Was artificial smoke used? 
Training Setting   
Training structure NFPA 1403 Any structure that is considered for a 
structural fire training exercise shall be prepared for the 
training evolution. 
NFPA 1410 7.1.1 Evolutions shall be conducted in an 
area of sufficient size…. 
Was the appropriate training 
structure used based on the 
environmental conditions? 
1. Training building and 
towers 
2. Live-fire structures 
3. Firegrounds 
4. Acquired structures 
5. Smoke-diving 
structures 
Structure Materials NFPA 1403 A 3.3.27.2 structures built of conventional 
building materials such as concrete, steel, containers, pre-
engineered metal structures, single story or multistory, for 
the purposes of interior live-fire training 
Were live-fire structures built 




Tasks   
Forcible entry NFPA 1001 4.3.4 Force entry into a structure… 
NFPA 1410 11.3.1 The required performance for forcible 
entry evolutions shall consist of the proper selection of 
tools for forcible entry on inward, outward, and vertically 
and horizontally operated doors.  
Did SETs include the following 
tasks? 
Equipment Carry NFPA 1001 4.3.3 Establish and operate in work areas 
each piece of equipment 
NFPA 1001 4.3.4 RS the ability to transport and operate 
hand and power tools 
 
Search & Rescue NFPA 1001 RS- ability to locate and follow a guideline 
and evaluate areas for hazards 
NFPA 1001 4.3.9 conduct a search and rescue in a 
structure….. 
NFPA 1410 11.4.1 The required performance for search 
and rescue evolutions shall consist of members 
prioritizing the area of search, selecting and performing 
the proper search technique, and performing proper 
rescue of trapped victims. 
 
Rescue NFPA 1001 5.4 performing activities related to accessing 
victims… 
 
Ladders NFPA 1001 4.3.6 RS the ability to carry, raise, extend 
ladders, mount ascend, dismount, and descend ladder 
NFPA 1410 11.2.1 The required performance for ground 




ladder from the apparatus and correctly positioning and 
raising a straight ladder and an extension ladder. 
Fire extinguish NFPA 1001 4.3.8 RS extinguish fires in stacked or piled 
materials or small unattached structures that are attacked 
from the exterior 
NFPA 1001 4.3.15 extinguish incipient class A, B, and C 
fires with fire extinguishers 
NFPA 1001 5.3.1 extinguish an ignitable liquid fire… 
 
Hose advancement NFPA 1001 4.3.8 (B) operate handlines or master 
streams, operate hose lines, evaluate and modify water 
NFPA 1001 5.3.2 coordinate an interior attack line…. 
 
Ventilation NFPA 1001 4.3.11 perform horizontal ventilation on a 
structure….ventilation devices are correctly placed and 
the structure is cleared of smoke 
NFPA 1001 4.3.12 perform vertical ventilation… 
NFPA 1410 11.5.1 The required performance for 
ventilation operation evolutions shall consist of members 
identifying when and how to perform horizontal, vertical, 
and mechanical ventilations. 
 
Overhaul NFPA 1001 4.3.13 overhaul a fire scene so that structural 
integrity is not compromised… 
 
Pump operation NFPA 4.3.15 Connect a fire dept. pumper to a water 
supply so that connections are tight and water flow is 
unobstructed. 
 
Illumination NFPA 4.3.17 Operate emergency scene lighting…. 
NFPA 1410 11.7.1 The required performance for this 
evolution shall consist of starting an auxiliary generator, 
advancing portable floodlights to the second floor of a 
building, and illuminating the exterior of the structure.  
 
Equipment hoist NFPA 1001 4.3.20 RS the ability to hoist tool using 
specific knots based on the type of tool 
NFPA 1410 11.6.1 The ability of company members to 
tie the representative knots, bends, or hitches for shall be 
evaluated 
 
Incident command NFPA 1001 5.1.2 The ability to determine the need for 
command, organize and coordinate an incident 
management system until command is transferred and 
function within an assigned role in an incident 
management system 
 
Equipment   
Full PPE NFPA 1001 1.3.7- JRPs shall be performed in approved 
PPE 
NFPA 1001 4.1.2 GSR: Donning and doffing PPC 
NFPA 1403 4.9.1 All participants, instructors, safety 
personnel shall wear all protective clothing and 
equipment specified in this standard according to 
manufacturer’s instructions whenever they are involved in 
any evolution or fire suppression operating during the 
live-fire training evolution 
NFPA 1403 4.9.3 Protective coats, trousers, hoods, 
footwear, helmets and gloves shall have been 
manufactured to meet the requirements of NFPA 1971 
Are firefighters wearing full PPE 
in 
1. Live-fire conditions 
2. Smoke only 
3. Heat only 
Does PPE meet NFPA standards? 
Was PPE checked by instructor 
or safety officer? 
SCBA NFPA 1001 4.3.1 During emergency conditions, use and 
wear SCBA correctly 
NFPA 1403 4.9.4 SCBA shall have been manufactured to 
meet the requirements of NFPA 1981 
NFPA 1404 4.2.4 SCBA shall be available at the training 
site for each member who could be exposed to respiratory 
hazards. 
Are firefighters wearing full 
SCBA in 
1. Live-fire conditions 
2. Smoke only 
3. Heat only 
Does SCBA meet NFPA 
standards? 
Was SCBA checked by instructor 
or safety officer? 
Apparatus (Fire vehicle) NFPA 1001 4.3.2 respond on apparatus to an emergency 
scene 
Did the firefighter(s) arrive at the 
scene on an apparatus? 
Participants   
Individual NFPA 1403 4.3.1 Required Minimum Training. Prior to 
being permitted to participate in live-fire training 
evolutions, the student shall have received training to 
meet the minimum job performance requirements for Fire 
Fighter I in NFPA 1001 related to the following subjects: 
1. safety 
Were firefighters tested 




2. fire behavior 
3. Portable extinguishers 
4. PPE 
5. Ladders 
6. Fire hose, appliances, and streams 
7. Overhaul 
8. Water supply 
9. Ventilation 
10. Forcible entry 
11. Building construction 
12. Radio use 
13. SCBA 
14. Vehicle safety 
15. Fire extinguishment 
16. Search and Rescue 
17. Scene illumination 
18. Equipment maintenance 
Group NFPA 1001 RS “the ability to operate as a team member” Were firefighters tested in a 
group setting? 
Supervision   
Safety Officer NFPA 1403 4.5.1 A safety officer shall be appointed for 
all live-fire training evolutions 
NFPA 1403 4.9.2 the safety office shall ensure that all 
participants PPE has been inspected in accordance with 
NFPA 1851 and 1852 standards and are being worn 
correctly and are in serviceable condition 
NFPA 1404 6.1.1 A safety officer shall be appointed for 
all respiratory (SCBA) training evolutions.  
Was a safety officer present for 
ALL environmental conditions. 
 
Did the safety officer check PPE 
& SCBA? 
Instructor NFPA 1403 4.7.4 it shall be the responsibility of the 
instructor in charge to coordinate overall fireground 
activities to ensure correct levels of safety 
NFPA 1403 4.7.9 Prior to start, instructors shall ensure 
that all protective clothing and equipment specified in this 
standard are being worn according to manufacturer’s 
instructions 
NFPA 1403 4.7.11 instructors shall monitor and supervise 
all assigned students during the live-fire evolutions 
NFPA 1404 6.2.3 it shall be the responsibility of the 
instructor in charge to coordinate overall (SCBA) 
respiratory protection training activities to ensure correct 
levels of safety 
NFPA 1404 6.2.4 One instructor to each functional crew, 
which shall not exceed five students. 
NFPA 1404 6.2.8 Prior to the (SCBA) respiratory 
protection training instructors shall ensure that all 
protective clothing and equipment specified in this 
chapter are being worn according to the manufacturer’s 
instructions 
Was an instructor present for all 
conditions? 
 
Did the instructor supervise 
participants? 
 
Did the instructor coordinate 
ALL conditions? 
 
Did the instructor ensure PPE & 
SCBA were being worn 
correctly? 
Procedures   
Familiarization NFPA 1403 4.16.8 Prior to conducting any live-fire 
training, all participants shall have a knowledge of and 
familiarity with the prop or props being used for the 
evolution. 
Did participants receive a 
familiarization period for live-fire 
conditions? 
Content Validity  The extent to which the items on 
a test are representative of the 
entire domain the test seeks to 
measure 
Demands   
Physical Demands NFPA 1404 A.5.1.5.1 The program should include 
procedures to require team members to rotate positions of 
heavy work to light work so air consumption is equalized 
among team members. 
Did the SET include the relevant 
physical demands? 
1. Firefighting tasks 
2. Firefighting 
equipment 
Physiological Demands NFPA 1404 A.6.9.2(2) A member in areas of high 
ambient or radiant temperature is under stress. Although 
the SCBA, together with a helmet and protective clothing, 
affords some protection against the heated atmosphere, 
Did SET include physiological 
demands: 
1. Wearing PPE 
2. Wearing SCBA 
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members should know their own limitations as well as the 
limitations of the protective clothing and equipment. 
Members should be trained to recognize the warning 
signs of extremely high temperatures that might not be 
obvious while they are breathing somewhat cooler air 
from the SCBA 
3. Exposure to live-fire 
4. Exposure to heat 
5. Exposure to smoke 
Psychological Demands NFPA 1001 A4.1.2 FF should be able to identify the signs 
and symptoms of behavioral and emotion distress 
NFPA 1001 A 4.2.1 FF should be able to receive and 
accurately process information 
NFPA 1404 A.6.7.2 Although all aspects of the physical 
and emotional stresses an emergency scene creates cannot 
be fully duplicated during training exercises, many of 
these aspects can be simulated. The more stresses that are 
duplicated, the more beneficial the training. Furthermore, 
the student’s performance can be evaluated more 
accurately. These simulations should take into 
consideration varying situations during which the student 
can be required to wear respiratory protection, such as 
where using a fully encapsulating suit when engaged in 
overhaul and salvage or hazardous materials incidents, 
including WMD drills. The use of filter-type maskers 
should be required in overhaul, investigation, and medical 
situations, and training should be provided.  
Did the SET include any 
psychological demands, including 
but not limited to? 




4. Problem solving 
5. Working memory 
6. Incident command 
7. Urgency 
8. Prolonged SETs and 
exposure 
9. SETs with negative 
endings/failures 






Supplementary Table 3.3. Score Rubric for Ecological Validity Completed for All Protocols 















Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type        
Artificial Smoke       
Total: 4 3 4 3 4 3 
Training Setting (2pts)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 2 2 2 1 2 2 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Crawl       
Overhaul       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 4 5 6 4 5 3 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards        
Checked by instr. Or SO       
Apparatus       
Total: 4 2 4 3 2 4 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 2 0 0 0 2 1 
Procedures (1pts)       
Familiarization       
Breaks/Rests (+1)        
Total: 2 0 1 1 2 0 
Ecological Validity (30pts)       






















Ecological Validity       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type       
Artificial Smoke       
Total: 0 0 3 0 2 4 
Training Setting (2pt)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 1 1 2 1 1 2 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 7 3 2 3 6 3 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards       
Checked by instr. Or SO       
Apparatus       
Total: 3 2 2 3 5 3 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 0 0 0 0 1 0 
Procedures (1pts)       
Familiarization       
Breaks/rests (+1)       
Total: 1 1 0 0 1 0 
Ecological Validity (30pts)       





















Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type (+1)       
Artificial Smoke (+1)       
Total: 4 0 0 0 2 3 
Training Setting (2pts)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 2 1 1 2 2 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 2 6 5 5 3 5 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards        
Checked by instr. Or SO        
Apparatus       
Total: 2 3 3 1 2 2 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 0 0 1 2 0 1 
Procedures (1pts)       
Familiarization       
Breaks/rests (+1)       
Total: 0 0 1 1 2 0 
Ecological Validity (30pts)       




















Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type       
Artificial Smoke       
Total: 0 0 1 1 1 0 
Training Setting (2pt)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 1 1 1 1 1 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 1 6 7 3 2 4 
Equipment (5ptts)       
Full PPE       
SCBA       
Meet NFPA Standards        
Checked by instr. Or SO       
Apparatus       
Total: 3 2 2 2 2 2 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 1 1 0 0 0 0 
Procedures (1pts)       
Familiarization       
Breaks (+1)       
Total: 1 1 1 0 0 1 
Ecological Validity (30pts)       





#1 Protocol #2 Protocol #3 
Protocol 
#4 Protocol #5 Protocol #6 
Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type        
Artificial Smoke       
Total: 0 0 3 0 4 0 
Training Setting (2pt)       
Live-fire structure       
Smoke-diving chamber       
Training building       
  Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 1 1 2 1 2 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 6 4 6 3 3 1 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards       
Checked by instr. Or SO       
Apparatus       
Total: 3 2 2 2 2 4 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 0 0 0 0 0 1 
Procedures (1pts)       
Familiarization       
Breaks (+1)       
Total: 1 0 1 0 0 0 
Ecological Validity (30pts)       





#7 Protocol # 8 Protocol #9 
Protocol 
#10 Protocol #11 Protocol #12 
Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type       
Artificial Smoke       
Total: 1 0 3 0 1 0 
Training Setting (2pt)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 1 1 1 1 1 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 3 2 2 7 0 5 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards       
Checked by instr. Or SO       
Apparatus       
Total: 2 2 2 2 2 0 
Participants (2pts)       
Individual?       
Paired?       
Group?       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer?       
Instructor?       
Other (+1)       
Total: 1 2 1 0 0 0 
Procedures (1pts)       
Familiarization       
Breaks (+1)       
Total 1 0 1 1 0 2 
Ecological Validity (30pts)       





#13 Protocol #14 Protocol #15 
Protocol 
#16 Protocol #17 Protocol #18 
Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type       
Artificial Smoke       
Total: 0 3 0 0 4 3 
Training Setting (2pt)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 1 1 1 1 1 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 5 1 6 3 5 9 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards       
Checked by instr. Or SO        
Apparatus        
Total: 0 2 2 2 2 4 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 0 0 1 1 1 0 
Procedures (1pts)       
Familiarization       
Breaks (+1)       
Total: 0 0 0 0 0 0 
Ecological Validity (30pts)       





#19 Protocol #20 Protocol #21 
Protocol 
#22 Protocol #23 Protocol #24 
Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type       
Artificial Smoke       
Total: 4 0 4 0 4 2 
Training Setting (2pt)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 2 1 1 1 1 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 4 3 4 3 3 3 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards       
Checked by instr. Or SO       
Apparatus       
Total: 2 2 2 2 2 2 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 0 0 2 0 0 0 
Procedures (1pts)       
Familiarization       
Breaks (+1)        
Total: 0 0 1 0 1 2 
Ecological Validity (30pts)       





#25 Protocol #26 Protocol #27 
Protocol 
#28 Protocol #29 Protocol #30 
Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type       
Artificial Smoke       
Total: 3 0 0 0 2 3 
Training Setting (2pts)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 1 1 1 1 1 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 4 2 3 4 4 3 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards       
Checked by instr. Or SO       
Apparatus       
Total: 2 2 0 2 2 3 
Participants (2pts)       
Individual       
Paired       
Group       
Total: 1 1 2 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 1 0 0 0 1 0 
Procedures (1pts)       
Familiarization       
Breaks (+1)       
Total: 1 0 1 1 0 0 
Ecological Validity (30pts)       





#31 Protocol #32 Protocol #33 
Protocol 
#34 Protocol #35 Protocol #36 
Ecological Validity (30pts)       
Environmental Conditions (5pts)       
Live-Fire       
Heat       
Smoke       
Fuel Type       
Artificial Smoke       
Total: 3 3 0 0 0 3 
Training Setting (2pt)       
Live-fire structure       
Smoke-diving chamber       
Training building       
Training Tower       
Firegrounds       
Acquired Structure       
Appr. Materials (+1)       
Total: 2 2 1 1 1 1 
Tasks (13pts)       
Forcible Entry       
Equipment Carry       
Search       
Rescue       
Ladder work       
Fire extinguish       
Hose advancement       
Ventilation       
Overhaul       
Crawl       
Pump operation       
Lighting       
Equipment hoist       
Incident command       
Total: 3 2 2 6 4 3 
Equipment (5pts)       
Full PPE       
SCBA       
Meet NFPA Standards        
Checked by instr. Or SO       
Apparatus       
Total: 3 2 2 2 2 2 
Participants (2pts)       
Individual       
Paired       
Group       
Total 1 1 1 1 1 1 
Supervision (2pts)       
Safety Officer       
Instructor       
Other (+1)       
Total: 1 1 0 0 0 1 
Procedures (1pts)       
Familiarization       
Breaks (+1)        
Total: 0 2 0 0 0 1 
Ecological Validity (30 pts)       

























































          
           
Physical Demands 
(1pt) 
          
Tasks (0.5pt)           
Equipment (0.5pt)           
Total: 1 1 1 1 1 1 1 1 0 1 
Physiological 
Demands (1pt) 
          
PPE (0.2pt)           
SCBA (0.2pt)           
Live-fire (0.2pt)           
Heat (0.2pt)           
Smoke (0.2pt)           
Total: 1 0.8 1 1 1 1 0.4 0.4 0.8 0.4 
Psychological 
Demands (1pt) 
          
Anticipation period 
(0.2pt) 
          
Alarm exposure 
(0.2pt) 
          
Time Urgency 
(0.2pt) 
          
Cognitive Demand 
(0.2pt) 
          
Other (0.2pt)           
Total: 0 0 0 0 0 0.2 0.2 0.2 0.2 0.4 
           















































          
           
Physical Demands 
(1pt) 
          
Tasks (0.5pt)           
Equipment (0.5pt)           
Total: 1 1 1 1 1 1 0.5 1 1 1 
Physiological 
Demands (1pt) 
          
PPE (0.2pt)           
SCBA (0.2pt)           
Live-fire (0.2pt)           
Heat (0.2pt)           
Smoke (0.2pt)           
Total: 0.6 1 1 0.4 0.4 0 0.8 1 0.4 0.4 
Psychological 
Demands (1pt) 
          
Anticipation period 
(0.2pt) 
          
Alarm exposure 
(0.2pt) 
          
Time Urgency 
(0.2pt) 
          
Cognitive Demand 
(0.2pt) 
          
Other (0.2pt)           
Total: 0.2 0.2 0 0.2 0 0.2 0.2 0 0 0 
           









































          
           
Physical Demands 
(1pt) 
          
Tasks (0.5pt)           
Equipment (0.5pt)           
Total: 1 1 1 1 1 1 1 1 1 1 
Physiological 
Demands (1pt) 
          
PPE (0.2pt)           
SCBA (0.2pt)           
Live-fire (0.2pt)           
Heat (0.2pt)           
Smoke (0.2pt)           
Total: 0.6 0.6 0.6 0.4 0.4 0.4 1 0.4 1 0.4 
Psychological 
Demands (1pt) 
          
Anticipation period 
(0.2pt) 
          
Alarm exposure 
(0.2pt) 
          
Time Urgency 
(0.2pt) 
          
Cognitive Demand 
(0.2pt) 
          
Other (0.2pt)           
Total: 0.4 0.2 0 0.2 0 0 0.6 0 0 0.2 
           





























          
           
Physical Demands 
(1pt) 
          
Tasks (0.5pt)           
Equipment (0.5pt)           
Total: 1 0.5 1 1 0 1 1 1 1 1 
Physiological 
Demands (1pt) 
          
PPE (0.2pt)           
SCBA (0.2pt)           
Live-fire (0.2pt)           
Heat (0.2pt)           
Smoke (0.2pt)           
Total: 0.6 0.4 1 0.4 0.6 0 0 1 0.4 0.4 
Psychological 
Demands (1pt) 
          
Anticipation period 
(0.2pt) 
          
Alarm exposure 
(0.2pt) 
          
Time Urgency 
(0.2pt) 
          
Cognitive Demand 
(0.2pt) 
          
Other (0.2pt)           
Total: 0 0 0.2 0.2 0 0 0.4 0 0.2 0 
           





























          
           
Physical Demands 
(1pt) 
          
Tasks (0.5pt)           
Equipment (0.5pt)           
Total: 1 1 1 1 1 1 1 1 1 1 
Physiological 
Demands (1pt) 
          
PPE (0.2pt)           
SCBA (0.2pt)           
Live-fire (0.2pt)           
Heat (0.2pt)           
Smoke (0.2pt)           
Total: 1 1 1 0.4 1 0.4 1 0.6 0.8 0.4 
Psychological 
Demands (1pt) 
          
Anticipation period 
(0.2pt) 
          
Alarm exposure 
(0.2pt) 
          
Time Urgency 
(0.2pt) 
          
Cognitive Demand 
(0.2pt) 
          
Other (0.2pt)           
Total: 0 0 0 0 0.2 0 0 0.2 0 0 
           





























          
           
Physical Demands 
(1pt) 
          
Tasks (0.5pt)           
Equipment (0.5pt)           
Total: 1 1 1 1 1 1 1 1 1 1 
Physiological 
Demands (1pt) 
          
PPE (0.2pt)           
SCBA (0.2pt)           
Live-fire (0.2pt)           
Heat (0.2pt)           
Smoke (0.2pt)           
Total: 0 0.2 0.6 1 1 1 0.4 0.4 0.4 1 
Psychological 
Demands (1pt) 
          
Anticipation period 
(0.2pt) 
          
Alarm exposure 
(0.2pt) 
          
Time Urgency 
(0.2pt) 
          
Cognitive Demand 
(0.2pt) 
          
Other (0.2pt)           
Total: 0 0.2 0 0 0 0 0.2 0 0 0 
           





Supplementary Table 3.5. Full details on SET Protocols 




2 or 6 story live-fire 
structure 




researcher or instructor 





9x 2 minutes 
work/rest evolutions 
1. Stair climb 
2. Search 
3. Hose advancement 







Heat & Smoke Individual Full PPE & 
SCBA 
22-26kg 
1 evolution, 45-50 
minutes 
1. Hose advancement 
2. Ladder carry 




7. Claustrophobia test 
3-Hour Protocol 
Scenario Live-fire structure Live-fire, heat & smoke Group Full PPE & 
SCBA, NFPA 
1971 Standards 
3 hours, 4-5 
evolutions of 15-25 
minutes separated by 
10-15 minutes of rest 
1. Hose advancement 
2. Fire extinguish 







4 story live-fire 
structure 




3 evolutions, breaks 
3, 10 & 10 minutes 
1. Victim rescue 
2. Equipment carry 
3. Stair climb 
4. Hose hoist 
5. Forcible entry 
Burn Building 
Evolution 
Scenario 2 story concrete live-
fire structure 
designed like a home 
Live-fire, heat & smoke Paired 
Supervised by 
experienced FF 
Full PPE & 
SCBA 
20-22kg 
2 or 3 evolutions, 15 
minutes work, 10 
minutes break, 20-
minute recovery 
1. Hose advancement 
2. Stair climb 
3. Fire extinguish 
4. Ventilation 
5. Forcible entry 
6. Ladder climb 
NFPA 1403 Compliant 
Live-Fire Evolution 
Scenario 2 story concrete live-
fire structure 
Live-fire, heat & smoke Groups of 2 or 4 
Supervised by 
instructor 






1. Hose advancement 
2. Fire extinguish 
3. Ventilation 
4. Stair climb 










1 or 2 evolutions, as 
fast as possible 
1. Stair Climb 
2. Hose advancement 
3. Ladder raise 
4. Forcible entry 
5. Search 
6. Rescue 
7. High rise pack 








None Individual Full PPE & 
SCBA 
20.2kg 
1 evolution, as fast as 
possible 
1. Equipment carry 
2. Rescue 
3. Hose advancement 
Search & Rescue 
Scenario Smoke-diving 
chamber/lab 











3 story training 
building 
None Individual Full PPE & 
SCBA 
NFPA standards 
1 evolution, complete 
without rests, as fast 
as possible 






High-Rise Fire  
Scenario Acquired structure, 
13 story commercial 
building 
Artificial smoke Group of 4, 5, or 6, 
supervised by safety 
officer 
Full PPE & 
SCBA 
NFPA standards 
1 or 2 evolutions, as 
fast as possible 
1. Hose advancement 
2. Fire extinguish 





Scenario 2 or 4 story live-fire 
structure & 
firegrounds 
Live-fire, heat & smoke Groups of 2 or 3 Full PPE & 
SCBA 
1 evolution 1. Stair climb 
2. Hose advancement 
3. Crawl 
4. Fire extinguish 
Live-Fire Activity 
Scenario Firegrounds Live-fire, heat & smoke Individual Full PPE & 
SCBA 
22-26kg 
1 evolution, ~30 
minutes 
1. Fire extinguish 
2. Crawl 
3. Hose advancement 
The Canadian Test 
Series of 
tasks 
Fireground None Individual Full PPE & 
SCBA 
22-25kg 
1 evolution, as fast as 
possible 
1. Equipment carry 
2. Ladder raise 
3. Hose advancement 
4. Ladder climb 
5. Hose hoist 
6. Forcible entry 
7. Rescue 
8. Ladder carry 







5 story training 
building 





1 evolution, rate 
typical to actual fire 
emergency 
1. Stair climb 
2. Hose hoist 
3. Forcible entry 
4. Hose advancement 
5. Victim rescue 
6. High rise pack 





None Individual Full PPE with 
weighted vest 
~22kg 
1 evolution, as fast as 
possible 
1. Stair climb 
2. Hose carry 
3. Forcible entry 
4. Hose pull 
5. Pump set up 
6. Rescue 
7. Hose advancement 
Search and Rescue 
Scenario Training building set 
up like a house 
Heat & smoke Paired Full PPE & 
SCBA 
~22kg 
2 evolutions, 20 
minutes work, 10 









4 story live-fire 
structure 
Live-fire, heat & smoke Individual Full PPE & 
SCBA 
1 evolution, at a rate 
typical to actual fire 
emergency 
1. Stair climb 




6. Forcible entry 




Training building set 
up as a house 






2. Window egress 
3. Entanglement 
4. SCBA confidence 
Grinder Test Series of tasks 
5 story training 
building 
None Individual Full PPE & 
SCBA 
1 evolution 1. Hose hoist 
2. Hose advancement 
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25kg 3. Forcible entry 
4. Stair climb 
5. Crawl 
6. Victim rescue 










Smoke Individual Full PPE & 
SCBA 
21kg 
3 evolutions, 10-15 
minutes, as fast as 
possible 
1. Ventilation 
2. Equipment carry 
3. Hose advancement 
4. Ladder raise 
5. Ladder carry 
6. Ladder climb 




11. Smoke dive 
The Trondheim Test 
Both Firegrounds & heat 
chamber 
Heat Individual Full PPE & 
SCBA 
~28kg 
1 evolution, as fast as 
possible 
1. Hose advancement 




Scenario 2 story training 
building 
Smoke Individual Full PPE & 
SCBA 
~23kg 
4 evolutions, 15 
minutes, self-paced 
1. Stair climb 
2. Equipment carry 





Firegrounds None Individual Full PPE & 
SCBA 
24kg 
1 evolution, as fast as 
possible 
1. Hose advancement 
2. Rescue 
3. Forcible entry 
4. Stair climb 




Firegrounds None Individual Full PPE & 




1 evolution 1. Ladder carry 
2. Ladder raise 
3. Equipment carry 
4. Forcible entry 
5. High rise pack 






Training tower None Individual Full PPE & 
SCBA 
1 evolution 1. Stair climb 
2. Rescue 
3. Hose advancement 
4. Ladder climb 
5. Fire extinguish 
Protocol #3 
Scenario 2 story live-fire 
structure 
Live-fire, heat & smoke Individual Full PPE & 
SCBA 
2 evolutions, with 
break 
1. Fire extinguish 
2. Forcible entry 
3. Ladder climb 
4. Search 
5. Rescue 
6. Hose advancement 






None Individual Full PPE & 
SCBA 
32kg 
1 evolution, 85 
minutes 
 
1. Ladder climb 
2. Stair climb 
3. Rescue 







with contents of a 
residential buildings 
Live-fire, heat & smoke Individual supervised 
by safety officer 
Full PPE & 
SCBA 
3 evolutions, 12 
minutes 
1. Rescue  
2. High rise pack 
3. Crawl 
4. Stair climb 
Protocol #6 
Scenario Training tower None Individual supervised 
by instructor 






1 evolution, as fast as 
possible 
1. Stair climb 




Training building Heat Paired, supervised by 
safety officer 
Full PPE & 
SCBA 
~35kg 




2. Equipment carry 
3. Dam build 
4. Rescue 
Protocol #8 
Scenario Industrial building None Groups of 2 or 3, 
supervised by safety 
officer and researcher 
Full PPE & 
SCBA 







Live-fire structure Live-fire, heat & smoke Individual supervised 
by safety officer 
Full PPE & 
SCBA 
~23kg 
1 evolution 1. Stair climb 
2. Rescue 




Training building None Individual Full PPE & 
SCBA 
27kg 
1 evolution, As fast 
as possible 
1. Hose advancement 
2. Ladder carry 
3. Ladder raise 
4. Forcible entry 
5. Stair climb 
6. Hose hoist 
7. High rise pack 
8. Search 
9. Rescue 
Protocol #11 Scenario Training tower Heat Individual Full PPE & SCBA 
3 evolutions, 70 
minutes, Paced 
1. Flashover 











1. Forcible entry 
2. Hose advancement 
3. Hose hoist 





5-story training tower None Individual Partial with 
weighted gear 
~22kg 
1 evolution, As fast 
as possible 
1. Ladder climb 
2. Claustrophobia test 
3. Ladder raise 
4. Hose hoist 
5. Hose advancement 
6. High rise pack 
7. Victim rescue 
8. Stair climb 
Protocol #14 
Scenario Firegrounds & live-
fire structure set as 
an apartment & 2 
story house 
Live-fire, heat & smoke Group Full PPE & 
SCBA 






2 story training 
building 
None Paired supervised by 
experienced FF 
Full PPE & 
SCBA 
1 evolution, as fast as 
possible 
1. Search 
2. Stair climb 




5. Victim rescue 
6. Crawl 
7. Equipment carry 
8. Ladder climb 






None Individual supervised 
by FF and researcher 
Full PPE & 
SCBA 
22kg 
1 evolution, rate 
typical of actual fire 
emergency 
1. Stair climb 
2. Crawl 
3. Equipment carry 
4. Overhaul 
Protocol #17 
Scenario 2 story live-fire 
structure 
Live-fire, heat & smoke Group supervised by 
instructor 
Full PPE & 
SCBA 
3 scenarios, 1 
evolution each 
1. Fire extinguish 
2. Hose advancement 
3. Search 
4. Rescue 
5. Forcible entry 
Protocol #18 
Scenario Acquired structure, 
Residential building 




1 evolution 1. Incident command 
2. Operate pump 
3. Fire extinguish 
4. Forcible entry 
5. Ventilation 
6. Overhaul 




Scenario Firegrounds & live-
fire structure 
Live-fire, heat & smoke Group of 4 Full PPE & 
SCBA 
1 evolution, ~ 20 
minutes 
1. Stair climb 
2. Hose advancement 






Firegrounds None Group Full PPE & 
SCBA 
1 evolution, rate 
typical to actual fire 
emergency 
1. Ladder climb 
2. Victim rescue 
3. Hose advancement 
4. Ladder raise 
Protocol #21 
Scenario 4 Story live-fire 
structure 
Live-fire, heat & smoke Individual supervised 
by 2 instructors 
Full PPE & 
SCBA 
2 evolutions, 20 
minutes, as fast as 
possible 
1. Fire extinguish 
2. Hose advancement 
3. Search 
4. Rescue 




Firegrounds None Individual Full PPE & 
SCBA 
25kg 
1 evolution, complete 
in 14.5 minutes or 
less 
1. Equipment carry 
2. Stair climb 
3. Forcible entry 
4. Obstacle 
5. Hose rolling 
Protocol #23 
Scenario 2 story live-fire 
structure 




1. Hose advancement 
2. Search 
3. Rescue 




8 story training tower 
& dark chamber 
Heat Individual Full PPE & 
SCBA 
3 weights: 9kg, 
14kg, 13kg 
3 evolutions, As fast 
as possible, 10-
minute breaks 
1. Hose carry 
2. Stair climb 
3. High rise pack 
4. Crawl 





Scenario Training building Heat & smoke Group of 5 supervised 
by safety officer 
Full PPE & 
SCBA 









4 story training 
building 
None Individual Full PPE & 
SCBA 
~18kg 
1 evolution, rate 
typical to actual fire 
emergency 
1. Hose advancement 
2. Stair climb 




Firegrounds None Paired & individual Partial PPE 3 evolutions, 2-
minute break 
1. Ladder raise 
2. Equipment carry 
3. Ladder carry 








1 evolution, as fast as 
possible 
1. Hose advancement 
2. Stair climb 
3. Rescue 
4. Hose hoist 
5. High rise pack 
Protocol #29 
Scenario Training tower Smoke Paired supervised by 
safety officers 







4. Hose advancement 
5. Stair climb 
Protocol #30 
Scenario Live-fire structure & 
vehicle 
Live-fire, heat & smoke Group of 5 Full PPE & 
SCBA 






2 story live-fire 
structure 
Live-fire, heat & smoke Individual supervised 
by instructor 




2 evolutions, 8 
minutes 
1. Hose advancement 
2. Stair climb 
3. Forcible entry 
4. Fire extinguish 
Protocol #32 
Scenario 2 story live-fire 
structure 
Live-fire, heat & smoke Individual supervised 
by instructor 
Full PPE & 
SCBA 
22.5kg 
2 evolutions, 16 
minutes, 8x 2 
minutes/2 minutes 
work rotations 




Scenario Acquired structure, 
Hospital 
None Individual Full PPE & 
SCBA 
37kg 
1 evolution, as fast as 
possible 
1. Stair climb 
2. Rescue 
3. Equipment carry 
Protocol #34 
Scenario Acquired structure, 
23 story building 
None Individual Full PPE & 
SCBA 
18.7kg 
1 evolution, rate 
typical of an actual 
fire emergency 
1. Stair climb 
2. High rise pack 
3. Crawl 
4. Hose advancement 
5. Search 
6. Forcible entry 
7. Rescue 
Protocol #35 
Scenario Acquired structure, 
Underground subway 
None Paired Full PPE & 
SCBA 
~40kg 
1 evolution, rate 
typical of an actual 
fire emergency 
1. Stair climb 
2. Ladder raise 
3. Search 
4. Rescue 
5. High rise pack 
6. Ladder carry 
Protocol #36 
Scenario Acquired structure, 
Residential & 
industrial building 
Live-fire, heat & smoke Group of 2, 3 or 4 
supervised by safety 
officer 
Full PPE & 
SCBA 
16kg 
3 evolutions 1. Search 
2. Rescue 




Supplementary Table 3.6. Ecological and Content validity scores and percentages of all 
protocols 
Protocol Ecological 





Legacy Protocol 19 63.3 Protocol #3 2.6 86.7 
3-Hour Protocol 18 60.0 Protocol #21 2.4 80.0 
Burn Building Evolution 18 60.0 NFPA 1403 Compliant Live-Fire Evolution 2.2 73.3 
Protocol #18 18 60.0 Firefighting Exercise 2.2 73.3 
High Rise Fire 17 56.7 Protocol #9 2.2 73.3 
Protocol #3 15 50.0 Legacy Protocol 2 66.7 
Protocol #21 15 50.0 3-Hour Protocol 2 66.7 
NFPA 1403 Compliant 
Live-Fire Evolution 14 
46.7 Live-Fire Drill 
2 66.7 
Protocol #17 14 46.7 Burn Building Evolution 2 66.7 
Smoke-Diving Protocol 13 43.3 Live-Fire Activity 2 66.7 
Live-Fire Drill 13 43.3 Simulated Fire Suppression 2 66.7 
Simulated Fire Ground 
Test (SFGT) 13 
43.3 Fire Fighting Simulation Test 
(FFST)#2 2 66.7 
Firefighting Exercise 13 43.3 The Trondheim Test 2 66.7 
Simulated Fire 
Suppression 13 
43.3 Protocol #5 
2 66.7 
Fire Fighting Simulation 
Test (FFST)#2 13 
43.3 Protocol #14 
2 66.7 
Protocol #19 13 43.3 Protocol #17 2 66.7 
Protocol #25 13 43.3 Protocol #18 2 66.7 
Protocol #31 13 43.3 Protocol #19 2 66.7 





40.0 Protocol #24 
2 66.7 
Search and Rescue 12 40.0 Protocol #30 2 66.7 
Grinder Test 12 40.0 Protocol #31 2 66.7 
Protocol #1 12 40.0 Protocol #32 2 66.7 
Protocol #5 12 40.0 Protocol #36 2 66.7 
Protocol #10 12 40.0 Smoke-Diving Protocol 1.8 60.0 
Protocol #23 12 40.0 High Rise Fire 1.8 60.0 
Protocol #36 12 40.0 Protocol #25 1.8 60.0 
Firefighter Ability Test 12 40.0 Simulated Firefighting 
Rescue Intervention 1.8 60.0 
Live-Fire Activity 11 36.7 Firefighting Activity (FFA) 1.6 53.3 
The Canadian Test 11 36.7 Protocol #7 1.6 53.3 
Protocol #9 11 36.7 Protocol #29 1.6 53.3 
Protocol #15 11 36.7 Simulated Fire Ground Test (SFGT) 1.6 53.3 
Protocol #24 11 36.7 Fire Fighting Simulation Test (FFST) #1 1.6 53.3 
Protocol #29 11 36.7 The Canadian Test 1.6 53.3 
Protocol #30 11 36.7 SFGT #2 1.6 53.3 
Search & Rescue 10 33.3 Protocol #6 1.6 53.3 
Protocol #7 10 33.3 Protocol #10 1.6 53.3 
Protocol #34 10 33.3 Protocol #15 1.6 53.3 
SFGT #2 9 30.0 Protocol #28 1.6 53.3 
Protocol #12 9 30.0 Protocol #33 1.6 53.3 
Protocol #28 9 30.0 Search and Rescue 1.5 50.0 
Fire Fighting Simulation 
Test (FFST) #1 8 
26.7 Simulated Job Performance 
Assessment (PPA) 1.4 46.7 
Simulated Firefighting 
Rescue Intervention 8 
26.7 Firefighter Ability Test 
1.4 46.7 
IAFF Fire Ground 
Survival (FGS) 8 
26.7 IAFF Fire Ground Survival 
(FGS) 1.4 46.7 
The Trondheim Test 8 26.7 Grinder Test 1.4 46.7 
Protocol #2 8 26.7 Protocol #1 1.4 46.7 
Protocol #6 8 26.7 Protocol #2 1.4 46.7 
Protocol #8 8 26.7 Protocol #4 1.4 46.7 
Protocol #14 8 26.7 Protocol #13 1.4 46.7 
Protocol #16 8 26.7 Protocol #16 1.4 46.7 
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Protocol #35 8 26.7 Protocol #20 1.4 46.7 
Firefighting Activity 
(FFA) 7 
23.33 Protocol #22 
1.4 46.67 
Protocol #4 7 23.33 Protocol #26 1.4 46.67 
Protocol #13 7 23.33 Protocol #34 1.4 46.67 
Protocol #20 7 23.33 Protocol #35 1.4 46.67 
Protocol #22 7 23.33 Search & Rescue 1 33.33 
Protocol #27 7 23.33 Protocol #12 1 33.33 
Protocol #26 6 20.00 Protocol #27 1 33.33 
Protocol #33 6 20.00 Protocol #8 0.9 30.00 





Appendix C. Supplementary Tables for Chapter Five 















PA NA Tension Dep. Anger Fatigue Con. Vigour TMD 
TOL Plan 
Time 




-0.022 -0.012             
TOL Total 
Time 




-0.271 -0.023 0.681** 0.385           
PA 0.387* 0.142 0.216 0.243 0.210          
NA -0.260 -0.021 -0.034 -0.037 0.031 -0.492*         
Tension -0.178 0.183 -0.188 0.037 -0.069 -0.419* 0.693**        
Dep. -0.534** -0.014 -0.018 -0.022 -0.145 -0.634** 0.376 0.380       
Anger -0.259 -0.128 -0.097 -0.161 -0.036 -0.647** 0.441* 0.375 0.853**      
Fatigue -0.324 0.153 -0.089 0.072 -0.094 -0.571** 0.791** 0.808** 0.383 0.396     
Con. -0.329 0.117 -0.028 0.078 0.069 -0.704 0.780** 0.688** 0.643** 0.648** 0.727**    
Vigour 0.209 0.076 0.254 0.212 0.404 0.641** -0.234 -0.122 -0.335 -0.331 -0.132 -0.284   
TMD -0.345** 0.046 -0.225 -0.096 -0.288 -0.837 0.695** 0.653** 0.585** 0.591** 0.710** 0.761** -0.763**  
SA -0.142 -0.166 -0.252 -0.285 -0.241 -0.822** 0.556** 0.396 0.700** 0.785** 0.437* 0.639** -0.527** 0.713** 
*p < 0.05 **p < 0.01 
TOL= Tower of London; PA= Positive Affect; NA= Negative Affect; Dep.= Depression; TMD= Total Mood Disturbance; SA= State 











PA NA Tension Anger Fatigue Con. Vigour TMD 
Strength 
Absolute 
-0.142           
Strength 
Relative 
0.327 0.538**          
PA 0.201 0.013 0.083         
NA 0.147 0.013 -0.009 0.102        
Tension -0.316 0.287 0.366 -0.064 0.172       
Anger 0.138 0.092 0.062 -0.096 0.152 -0.147      
Fatigue -0.131 -0.210 -0.313 -0.381 0.331 0.011 -0.235     
Confusion -0.415* 0.152 -0.116 -0.718** 0.100 0.162 0.048 0.383    
Vigour 0.369 0.268 0.319 0.740** -0.053 -0.270 -0.088 -0.548** -0.689**   
TMD -0.336 -0.166 0.262 -0.719** 0.223 0.276 0.096 0.748** 0.725** -0.939**  
SA 0.148 -0.279 <0.001** -0.422* -0.059 0.475* 0.102 0.059 0.196 -0.494* 0.402 
**p < 0.01 *p < 0.05  





















PA NA Tension Dep. Anger Fatigue Con. Vigour TMD 
TOL Plan 
Time 




0.242 -0.290             
TOL Total 
Time 




0.229 -0.496** 0.730** -0.034           
PA 0.083 0.114 -0.232 -0.033 -0.336          
NA 0.235 0.411* -0.016 0.394 -0.143 0.010         
Tension 0.180 0.223 0.020 0.232 0.012 -0.131 0.576**        
Dep. -0.065 -0.230 -0.004 -0.229 0.193 -0.374 0.206 0.404       
Anger 0.321 -0.128 -0.095 -0.184 0.062 0.087 0.252 0.157 0.468*      
Fatigue 0.095 -0.011 -0.014 -0.020 0.221 -0.373 0.304 0.505* 0.703** 0.416*     
Con. -0.139 -0.088 0.003 -0.085 0.185 -0.594** 0.324 0.514* 0.828** 0.226 0.710**    
Vigour 0.175 0.080 -0.097 0.018 -0.144 0.836** 0.059 -0.023 -0.393 -0.155 -0.314 0.531**   
TMD -0.021 -0.058 0.042 -0.031 0.221 -0.644** 0.310 0.532** 0.813** 0.444* 0.855** 0.889** -0.670**  
SA 0.001 0.089 -0.113 0.017 -0.099 -0.330 0.346 0.675** 0.420* 0.259 0.439* 0.505* -0.268 0.575** 
*p < 0.05 **p < 0.01 
TOL= Tower of London; PA= Positive Affect; NA= Negative Affect; Dep.= Depression; TMD= Total Mood Disturbance; SA= State 






Appendix D. Supplementary Tables for Chapter Seven 
Supplementary Table 7.1 Scoring rubric for ecological validity of the novel SET 
 Novel SET 
Ecological Validity (30pts)  




Fuel Type   
Artificial Smoke  
Total:  
Training Setting (2pts)  
Live-fire structure  
Smoke-diving chamber  
Training building  
Training Tower  
Firegrounds  
Acquired Structure  
Appr. Materials (+1)  
Total: 2 
Tasks (13pts)  
Forcible Entry  
Equipment Carry  
Search  
Rescue  
Ladder work  
Fire extinguish  




Pump operation  
Lighting  
Equipment hoist  
Incident command  
Stair Climb  
Total: 6 
Equipment (5pts)  
Full PPE  
SCBA  
Meet NFPA Standards   
Checked by instr. Or SO  
Apparatus  
Total: 4 





Supervision (2pts)  
Safety Officer  
Instructor  
Other (+1)  
Total: 3 
Procedures (1pts)  
Familiarization  
Breaks/Rests (+1)   
Total: 1 





Supplementary Table 7.2 Scoring rubric for content validity of the novel SET 
 Novel SET 
Content Validity (3pts)  
  
Physical Demands (1pt)  
Tasks (0.5pt)  
Equipment (0.5pt)  
Total: 1 
Physiological Demands (1pt)  
PPE (0.2pt)  
SCBA (0.2pt)  
Live-fire (0.2pt)  
Heat (0.2pt)  
Smoke (0.2pt)  
Total: 0.4 
Psychological Demands (1pt)  
Anticipation period (0.2pt)  
Alarm exposure (0.2pt)  
Time Urgency (0.2pt)  
Cognitive Demand (0.2pt)  
Other (0.2pt)  
Total: 0.6 
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SOP SET Checklist 
Item Yes/No Refer to NFPA Standard & Article 
Prerequisites  NFPA 1001 
Fire Fighter I Certified  NFPA 1582 
Health Screening  Fire department specified fitness requirements 
Medical History Questionnaire  IAFC Wellness and Fitness Initiative 
Fitness Evaluation   
Physical Activity Readiness Questionnaire   
Aerobic Capacity Test   
   





                      4.3.1-4.3.8 
                     4.3.9-4.3.10 
                     4.4.19.1-4.4.19.4 












                      4.2.24-4.2.24.5  
                     5.2.2.1-5.2.2.5 
Structure Materials   
Tasks  NFPA 1001 Fire Fighter I & II 
Forcible entry   
Equipment Carry   
Search   
Rescue   
Ladders Work   
Fire Extinguish   
Hose Advancement   
Ventilation   
Crawl   
Overhaul   
Pump operation   
Illumination   
Equipment hoist   
Incident Command   




Equipment  NFPA 1403 
Full PPE  NFPA 1971 
SCBA  NFPA 1981 
Checked by Safety Officer 
Manufacturing Requirements 
 NFPA 1975 
NFPA 1982 
Role of Firefighter  NFPA 1001, 4.3.1 
Individual   
Team   
Supervision  NFPA 1403 
Safety Officer   
Certified Fire Instructor 
Instructor-in-charge 
  
Procedures   
Duration 
Short-duration < 20 minutes 
Long-duration > 20 minutes 
Evolutions 
Single Evolution 







Appendix F. Study Materials for Chapter Four 




Participant Information Sheet 
 
Title of Study: Effects of Exercise Training on Psychological and Physical Health  
You are being invited to participate in a study entitled “Effects of Exercise Training on 
Psychological and Physical Health.” This study is being conducted by Dr. Matthew Herring, 
Dr. Stephen Gallagher, and PhD student Katie Andrews from the University of Limerick. 
This information sheet will inform you about the study.  
What is the study about?  
This study aims to examine how an 8-week standardized exercise intervention which 
combines aerobic and resistance exercise training affects aspects of psychological and 
physical health.  
Can anyone take part?  
All members of the Limerick Fire Service and Emergency Call Center are invited to take 
part as long as the following inclusion criteria are met: i) you must have no medical 
contraindication to safe participation in aerobic and resistance exercise; ii) you must not be 
pregnant; and, iii) you must not be receiving any current treatment for anxiety or depression 
other than medication.  
What will you have to do?  
Should you be interested in participating, you will first be asked to report to the PESS 
building at UL. Your total time commitment for this visit will be approximately one hour 
and 15 minutes. Upon arrival at room P1038, you will be provided with information about 
all study procedures, risks, and benefits of participation (as outlined in this participant 
information sheet). Once you feel all your questions about the study have been answered, 
you will sign an informed consent form to indicate that you understand the study procedures 
and agree to participate. You will be able to select whether or not you would prefer to 
participate in an 8-week exercise training condition or a control condition in which you will 
not participate in the exercise training condition.  
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You will be given a unique study ID number and will then complete a series of 
questionnaires about your physical activity and medical history, your mood, and your sleep 
that will require approximately 20 minutes to complete. Following completion of the 
questionnaires, you will have your height, weight, and waist and hip circumferences 
measured. You will then be asked to complete a maximal exercise test that will examine 
your aerobic fitness. This test will last approximately 15 minutes and will be followed by 10 
minutes of rest. You will then be asked to complete two strength measures to test your 
upper- and lower-body strength. Following the strength measures, you will be asked to 
complete three additional questionnaires which will require approximately 10 minutes to 
complete.  
After your first visit, on a separate day during Weeks 1 and 2 of the study, you will be asked 
to complete a simulated emergency training task similar to training tasks you normally 
would complete during training for the Fire Service. During the simulated task we would 
like to see what your cardiovascular and endocrine health responses are like, so we will also 
give you a blood pressure monitor to wear and take some saliva samples using a cotton wool 
roll placed under your tongue for one minute.  
Exercise Training:  
Should you choose to participate in the exercise training condition, you will be asked to 
complete an 8-week exercise program. Each week, you will complete two aerobic and two 
resistance exercise sessions. All exercise sessions will be completed at the Limerick City 
Fire Station. You will be provided all necessary information regarding the intensity at which 
you will be asked to exercise during both aerobic and resistance sessions, instructions 
regarding proper lifting technique, and heart rate monitors will be provided to you.  
Resistance Exercise Sessions: Each resistance exercise session will consist of ~45min of 
progressive upper- and lower-body resistance training beginning at 60% of your predicted 
one-repetition maximum (the most you can lift on that exercise) during week 1 and 
progressing by 5% of the predicted 1 RM weekly. You will complete three sets of eight 
repetitions each on eight different lifts, four each of upper (chest press, shoulder press, lat 
pulldown, and biceps curl) and lower (back squat, deadlift leg curl, leg extensions). Each 
exercise will also include a warm up set at 35% 1RM which will progress by 5% each week. 
You will be instructed on proper technique and will be provided all necessary data on the 
weights to be lifted on each lift. Each resistance exercise session will be completed ~48 
hours apart.  
Aerobic Exercise Sessions: Each aerobic exercise session will involve 30min of self-
selected aerobic exercise at 65%-85% of your heart rate reserve (which accounts for your 
resting heart rate). Polar heart rate monitors will be provided to you and should be worn 
during each of your exercise sessions. Each session, you will detail which HR monitor you 
used for your exercise session by pairing your unique Study ID with the associated 
numerical ID of the HR monitor. Each week, our study personnel will download exercise 
data from the monitors, match to participant study IDs, and calculate intensity-minutes for 
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each session. This will allow us to calculate your total exercise dose across all your 
completed exercise sessions. Aerobic sessions will be completed ~48 hours apart.  
Control Condition: Should you decide to participate in the control condition, you will be 
asked to maintain your current level of physical activity throughout the 8-week intervention 
period, but you will not complete additional exercise training as a part of the exercise 
program. You will be asked to complete all assessments at the same time points as 
participants in the exercise group.  
Following the 8-week intervention, both exercise and control participants will be asked to 
complete the same assessments completed at baseline (as detailed above).  
What are the potential risks?  
This research, due to the involvement of resistance and aerobic exercise, allows for slight 
physical risk to participants including injury, pain, or discomfort from performing new 
physical activities. As such, the researchers will attempt to reduce the incident of injury by 
assuring that participants are healthy and without any contraindications that would keep 
them from participating. As well, pain and discomfort that could be experienced following 
the introduction to exercise will be clearly explained and outlined within the study 
information and consent form. Participants will also be informed that they can discontinue 
participation at any time due to discomfort or any reason and do not need to inform the 
researchers. Participants will also be encouraged to report any pain or discomfort and 
address it before continuing participation.  
What if I do not want to take part?  
Your time and effort is greatly appreciated. If you do not wish to take part it is entirely up to 
you and this is not a problem. You can withdraw from the study or a part of it at any time 
without reason or consequence.  
What happens to the information about me that is gathered?  
Information obtained about you for this study will be kept confidential and will be stored 
anonymously on a password protected computer or locked cabinet in the office of the 
principal investigators. Every effort will be made to maintain the confidentiality of your 
participation in this project. Each participant’s name will be paired with a code number by 
the principal investigators. This code number will appear on all written and electronic study 
materials. The list pairing the participant’s name to the assigned code number will be kept 
separate from all research materials and will be available only to the principal investigators. 
Study data may be used to generate a publication in a scientific journal but all data will be 
reported as a group and no individual data will be identifiable.  
Who else is taking part?  
It is hoped that as many volunteers as possible from the Limerick Fire Service will complete 
the study.  
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What happens if something goes wrong?  
In the unlikely event something goes wrong, testing will cease immediately until normal 
circumstances are resumed. In the event of an emergency, established safety procedures will 
be initiated.  
What if I feel distressed?  
If you feel distressed at any time the following services are available:  
AWARE provide a helpline for advice around depression (1890 303 302)  
Samaritans provide a helpline for anyone who needs a friendly ear (1850 60 90 90)  
What if I have more questions or do not understand something?  
Please feel free to ask any questions or for further information see contact details below.  
 
Contact details  
Dr. Matthew Herring  
Email: Matthew.Herring@ul.ie  
Phone No.: (061) 234762  
Yours sincerely,  
______________  
Dr Matthew Herring  
PESS Department  
University of Limerick  
061-234762  
This research study has received Ethics approval from the Education and Health Sciences 
Research Ethics Committee (2015_10_19_EHS). If you have any concerns about this study 
and wish to contact someone independent you may contact:  
Chairman Education and Health Sciences Research Ethics Committee  
EHS Faculty Office  
University of Limerick  
Tel (061) 234101  
Email : ehsresearchethics@ul.ie   
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Participants Information Sheet for Maximal Fitness Testing 
 
 
Participant Testing Information Sheet 
 
Treadmill Test 
You will be asked to run on the treadmill for as long as possible or until you reach maximal 
exertion. Volume of oxygen will be measure while you complete the test. To do so, you will 
be asked to wear a breathing mask with mouthpiece connected to a metabolic cart. This test 
is voluntary and will continue until you voluntarily terminate the procedure. Your heart rate 
will be monitored throughout the procedure and you will be asked to give a level of exertion 
score (rated from 6 to 20 using the Borg scale) at every stage of the test. The test will start 
with a 3-minute warm up at 4.8 kph and 0% gradient. At minute 4 speed will increase to 7.2 
kph (a light jog). Each additional minute following will alternate between a 0.5 kph increase 
in speed or a 2% increase in gradient.  
 
Pull Test 
You will also be asked to complete a full body strength test. This test will involve pulling on 
a barbell at maximum strength for 6 seconds. You will be given 3 warm up/practice pulls at 
50%, 70%, and 90% maximum strength. You will then perform 2 rounds at maximum 
strength. You will be given 2 mins rest between each pull. You may use straps to help grip 




Informed Consent for Study One, Two, and Four 
 
 
Participant Informed Consent 
 
Title of Study: Effects of Exercise Training on Psychological and Physical Health 
 
Should you agree to participate in this study please read the following statements and sign the consent section 
below. 
 
– I have read and understand the volunteer information sheet. 
 
– I understand what the study is about, and what the results will be used for. 
 
– I understand that what the researchers find out in this study may be shared with others, but no 
identifying information will be given to anyone in any written material. 
 
– I am fully aware of all the measures involving myself, and of any risks and benefits associated with 
the study. 
 
– I know that my participation is voluntary and that I can withdraw from the study at any stage without 
giving any reason. 
 
For the volunteer 
 
I consent/give permission to my involvement in this research study after agreeing to all the above statements.   
 
Name (please print): __________________________________________________________ 
 
Signature: _______________________________________  Date: ________________  
 
Investigator Signature: ______________________________   Date: ________________ 
 
Yours sincerely, 
_____________                                                                 
Dr Matthew Herring 
PESS Department 
University of Limerick 
061-234762 
 
This research study has received Ethics approval from the Education and Health Sciences Research Ethics Committee 
(2015_10_19_EHS).  If you have any concerns about this study and wish to contact someone independent, you may 
contact: 
Chairman Education and Health Sciences Research Ethics Committee 
EHS Faculty Office 
University of Limerick 
Tel (061) 234101 
Email :  ehsresearchethics@ul.ie  
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Participant Information Sheet for Study Three 
 
 
Participant Information Sheet 
 
Title of Study: “The effect of stress on psychological and physiological health in 
firefighters” 
 
You are being invited to participate in a study entitled “The effect of stress on psychological 
and physiological health in firefighters” This study is being conducted by Dr. Stephen 
Gallagher, Dr. Matthew Herring, and PhD student Katie Andrews from the University of 
Limerick. This information sheet will inform you about the study. 
 
What is the study about? 
This study will assess the magnitude of changes in mood and heart rate following a 
cognitive stress task. 
 
Can anyone take part?  
All members of the Limerick Fire Service and affiliated groups are invited to take part. 
What will you have to do? 
Should you be interested in participating, you will be asked to attend a 1-hour session in a 
private room onsite at the Limerick station. Your will be asked to complete a brief problem-
solving task (a block puzzle) and a memory task (specific to a firefighting emergency) while 
your heart rate and blood pressure are measured continuously and recorded. You will also be 
asked to complete questionnaires assessing mood before and after completing the two tasks. 
 
What are the potential risks? 
The risks of taking part in this study are no more than those of day-to-day stressors.   
 
What if I do not want to take part? 
Your time and effort is greatly appreciated. If you do not wish to take part it is entirely up to 
you and this is not a problem. You can withdraw from the study or a part of it at any time 
without reason or consequence.  
What happens to the information about me that is gathered? 
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Information obtained about you for this study will be kept confidential and will be stored 
anonymously on a password protected computer or locked cabinet in the office of the principal 
investigators. Every effort will be made to maintain the confidentiality of your participation 
in this project.  Each participant’s name will be paired with a code number by the principal 
investigators. This code number will appear on all written and electronic study materials.  The 
list pairing the participant’s name to the assigned code number will be kept separate from all 
research materials and will be available only to the principal investigators.  Study data may 
be used to generate a publication in a scientific journal but all data will be reported as a group 
and no individual data will be identifiable.  
 
Are there any other constraints? 
Yes, if you decide to participate you must not exercise or consume alcohol for 12 hours before 
the stress testing session.  You must not consume caffeine or nicotine two hours nor eat for 
one hour before this session.  You will also be asked to put the blood pressure cuff on your 
arm it is therefore suggested that you wear loose clothing. 
 
What happens if something goes wrong? 
In the unlikely event something goes wrong, testing will cease immediately until normal 
circumstances are resumed. In the event of an emergency, established safety procedures will 
be initiated. 
 
What if I feel distressed? 
If you feel distressed at any time the following services are available: 
AWARE provide a helpline for advice around depression (1890 303 302) 
Samaritans provide a helpline for anyone who needs a friendly ear (1850 60 90 90) 
 
Do I have to sign anything? 
Yes, if you agree to participate we will ask you to sign a Consent Form.  This is to show that 
you have understood what is involved and that you have read the Information Sheet.  You can 
still withdraw at any time.   
 
What if I have more questions or do not understand something? 
Please feel free to ask any questions or for further information see contact details below. 
Contact details 
Dr. Stephen Gallagher 
Email: Stephen.gallagher@ul.ie 





____________                                                                 
Dr Stephen Gallagher 
Department of Psychology 
University of Limerick 
061-234899 
 
This research study has received Ethics approval from the Education and Health 
Sciences Research Ethics Committee (quote approval number).  If you have any concerns 
about this study and wish to contact someone independent you may contact: 
Chairman Education and Health Sciences Research Ethics Committee 
EHS Faculty Office 
University of Limerick 
Tel (061) 234101 




Participant Informed Consent for Study Three 
 
 
Participant Informed Consent 
 
Title of Study: “The effect of stress on psychological and physiological health in firefighters” 
 
Should you agree to participate in this study please read the following statements and sign the consent section 
below. 
 
– I have read and understand the volunteer information sheet. 
 
– I understand what the study is about, and what the results will be used for. 
 
– I understand that what the researchers find out in this study may be shared with others, but no 
identifying information will be given to anyone in any written material. 
 
– I am fully aware of all the measures involving myself, and of any risks and benefits associated with 
the study. 
 
– I know that my participation is voluntary and that I can withdraw from the study at any stage without 
giving any reason. 
 
 
For the volunteer 
 
I consent/give permission to my involvement in this research study after agreeing to all the above statements.   
 
Name (please print): __________________________________________________________ 
 
Signature: _______________________________________  Date: ________________  
 




______________                                                                 
 
Dr Stephen Gallagher 
Department of Psychology 
University of Limerick 
061-234899 
 
This research study has received Ethics approval from the Education and Health Sciences Research Ethics 
Committee (quote approval number).  If you have any concerns about this study and wish to contact 
someone independent, you may contact: 
Chairman Education and Health Sciences Research Ethics Committee 
EHS Faculty Office 
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University of Limerick 
Tel (061) 234101 



















Medical History Questionnaire 
ID Number: __________________ 
Medical History Questionnaire 
The purpose of this questionnaire is to obtain information about your medical history. It is 
important that you answer each question honestly and completely in order to minimize the risks 
associated with your participation in this research. Please ask us if you need clarification about any 
of the questions. Put a question mark (?) next to any questions you are not certain about. 
1. _______Gender 
a. _______If female, are you taking contraceptive medications? 




5. _______Do you have, or have you ever had, any heart trouble? 
6. _______Do you frequently suffer from pains in your chest? 
7. _______Do you often feel faint or have spells of severe dizziness? 
8. _______Do you now have, or have you ever had, high blood pressure? 
9. _______Do you have a bone or joint problem, such as arthritis, that has been aggravated by 
exercise, or might be worse with exercise? 
10. _______Have you ever fainted during exercise? 
11. _______Have any members of your family died of a heart attack prior to the age of 50? 
12. _______Have you ever had a seizure? 
13. _______Are you currently taking any psychoactive medications? 
14. _______Do you regularly smoke cigarettes? 
a. _______If yes, when did you start smoking? (age) 
b. _______How many cigarettes do you smoke on average? (per day over last year) 
c. _______How many cigarettes have you smoked in the last 24hrs? 
d. _______At what time did you smoke your first cigarette today? 
15. _______Do you have any pain that you have been experiencing for more than a month? 
16. _______Is there a good physical reason, not mentioned above, why you should not engage 






17. In case of emergency, please list any medical 
allergies____________________________________________________________________
__________________________________________________________________________
__ 
